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A/lR + ORE + COKE + FLUX = PIG + SLAG + DUST 
7800 000/bs 4,480,000/bs 200Q0000/bs 300 000/bs 2,240 000/bs 2600,000/bs 150,000/bs 


An Ingersoll-Rand turbo blower serving an aver- 
age 1000-ton blast furnace handles approximately 
26 times. its own weight in air each 24 hours. 
More air is used than the combined weight of all 
other ingredients. This relationship is shown clearly 
by the above diagram, which picturizes the approx- 
imate daily consumption of a 10co-ton furnace. 


*Balance of this equation is blast furnace gas 


INGERSOLL-RAND CO. - 11 Broadway - New York City 
Branches or distributors in principal cities the world over 
For Canada Refer—Canadian Ingersoll-Rand Co., Limited, 10 Phillips Square, Montreal, Quebec 


Ingersoll-Rand 












May, 1930 





RAYMOND 


oo PILEon 
CRGELES — CONTRACTORS 


Branches 


ATLANTA 
BALTIMORE 
BosTON 
BUFFALO 
CHicAco 
CLEVELAND 
DETROIT 
Houston 
Kansas City 


THE TECH ENGINEERING. NEWS 


ee is ya ve alias lalla \ . 
















PURPOSE 


Branches 


Los ANGELES 
MiaMI 
MILWAUKEE 
PHILADELPHIA 
PITTSBURGH 

SAN FRANCISCO 

St. Paut 

St. Louis 
WasHINGTON, D.C. 
Lonpon, ENGLAND 


The Raymond Method is Certain 


O many things can happen to an unprotected 

column of ‘‘green” concrete in the earth. 
Ground pressure water and pressure of closely 
adjacent pile driving are a few destructive 
factors. To protect each pile column, every 
tapering standard RAYMOND Concrete Pile 
is poured, not into a “hole in the ground,” but 


into a tapering shell of spirally reinforced steel. 
This shell is not withdrawn. It is left in place 
after the driving core is pulled. Its interior may 
be inspected before the concrete is poured. And 
thus you can be certain that each RAYMOND 
Concrete Pile is perfect. This is the Raymond 
Method. 


RAYMOND CONCRETE PILE COMPANY 


NEW YORK: 140 CEDAR STREET 


CHICAGO: 111 WEST MONROE STREET 


RAYMOND CONCRETE PILE CO. LTD., MONTREAL, CANADA 


Branches in Principal Cities 
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Business men, industrialists and engineers 
—600,000 of them—regularly read the 
McGraw-Hill Publications. More than 
3,000,000 use McGraw-Hill books and 
magazines in their business. 


The Business Week Coal Age 
System Engineering and 
Harvard Business Review Mining Journal 

E.&M. J. Metal and 
Aviation. Mineral Markets 


Factory and Industrial American Machinist 
Management Product Engineering 

Power 

Industrial Engineering Electrical World 


Blectrical Merchandising 


Textile World Electrical West 

Radio Retailing 
Food Industries Electronics 
Bus Transportation Engineering News-Record 
Electric Railway Journal Consiruction Methods 


Chemical & Metallurgical Engineering 


OVERSEAS PUBLICATIONS. 
Electricidad The American Auto- 
en America® mobile* 


Ingenieria Internacional* El Automovil Americano® 


American Machinist: Engineering and 
{European Edition) Mining World 


*Published by an associate company, 
Business Publishers International Corporation 


Mc GRAW - HILL PUBLICATIONS 


McGRAW-HILL PUBLISHING CO., Inc, New York - Chicago - Philadelphia - Washington - Detroit - St Louis - Cleveland - Los Angeles San Francisco -Boston - Greenville - Londo;? 
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me «nything to 
' get the facts 


“Hands up!—and make it quick,” shouted the burly mine- 


guard, holding his gun on a dusty, tired person who had 


just emerged from the shaft. 


“What for?” countered this individual. “You know me... 
I’m the editor who went down there to get a story.” 


*“Yeh—how do I know you're the one that went in?” said the 
guard. “Anyone of them lifers might knock a guy out and 


take his clothes.” 


There is a lot of adventure in the 
editor’s day’s work sometimes. 
For example, this incident at a 
Southern coal mine where con- 
vict labor was then employed ex- 
clusively. A McGraw-Hill editor 
had gone down the shaft to get a 
story, to investigate some new 
processes that were being used. 


McGraw-Hill editors are not out 
seeking thrills. Their job is to 
cover the field, to know what is 
going on, to be where things are 
happening, to see the right men, 
to get the news, to study every 
important development and trend. 
They must be... they are... the 
eyes and ears of the readers and 
must bring to them the ever- 





changing picture of modern in- 
dustry and business. 


That is why McGraw-Hill Publi- 
cations are so vital to the business 
and industrial world today. That 
is why they are playing such an 
important part in the nation’s in- 
dustrial development. 


You who are about to step out 
into industry should make it your 
business to learn what industry’s 
present leaders are doing and 
thinking now. 


You can do so by reading the 
McGraw-Hill Publication in your 
chosen field. Copies of these 
Publications are—or should be 
—in your college library. 


May, 1930 

































TERR arise SR nat, 











May 1930 


ill 





| OIL INDUSTRY’S FUTURE 








STANDARD OIL COMPANY OF NEW YORK 
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** With the exception of printing, no single industry 
has produced so many sweeping changes in man’s 
mode of living as the petroleum industry.”’ 


MPLE evidence for this statement by a leading authority 
is present on every hand. Yet the future of the oil 
industry promises to be even more amazing than its past. 


This means that well-established organizations like the Standard 
Oil Company of New York — whose activity covers every 
phase of the business — offer unusual opportunities. 


Perhaps there is some branch of this business that appeals to 
you as a life career—either in this country or abroad. We 
require a limited number of young men each year, of certain 
qualifications. In reaching your final decision on the oppor- 
tunity in this Company for your future life work, the head of 
your department or Personnel Director will be glad to assist 
you. Consult them regarding any uncertainties which may 
still exist in your mind. 


26 BROADWAY, NEW YORK CITY 
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WALWORTR 


VALVES 


ENGINEERS TO BE—and engineers that are—sooner or later turn 

to WALWORTH valves for safety, dependability and performance. 
WALWORTH bronze, iron body and steel valves are available for every piping 
problem a Tech man is likely to encounter in a lifetime of engineering practice. 
Some time you'll specify WALWORTH. Avoid valve griefs by 


starting now. 


FITTINGS 


FITTINGS — made of brass, malleable iron, cast iron or steel — may 

confuse and confound even Tech men, unless they’re tight (meaning { 

the fittings, of course). WALWORTH fittings, made in five great factories under 
most rigid tests and inspection systems, are as near leak-proof as it is possible 
to make fittings in this world run by machinery and men. 


PIPE 
FOR CENTURIES engineers have longed for cast-iron pipe that 
| could be handled like steel or wrought iron pipe. WALWORTH 


C. N. I. (Chrome-Nickel-Iron) pipe, with threaded ends for 
screwed fittings, beveled ends for welding, or grooved ends for Victaulic coup- 
lings, has all the lasting qualities of cast-iron pipe. But cast-iron griefs are not 
necessary accompaniments. 


MASTER STILLSON WRENCH _ 


THE WALWORTH Master Stillson was named after its 
originator, who might have been even a greater inventor 
if he could have gone to M. I. T. As it was, he produced a wrench that has been 
imitated by more people in all countries than any other wrench ever made. 
But the Master Stillson is Stillson’s own, and WALWORTH’S own. Let Tech 


men improve it if they can! 


WALWORTH COMPANY 


GENERAL SALES OFFICES, 60 EAST 42D STREET 
NEW YORK, N. Y. 
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he services of 
five corporations are provided for 
projects of any type or magnitude. 
One or more of these corporations — 
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The American Aircraft Industry 
The state of its finances, and the field for its expansion 


FINANCIAL STATUS 
T the end of the World War com- 
A panies which were manufactur- 
ing aircraft might have been 
divided into three categories: 

I. Companies that had gone into the 
business of manufacturing aircraft 
purely as a war measure, and that got 
out of the business as soon as the war 
was over at their first opportunity. 

II. Companies that had been in the 
business before the war started, and 
expecting a slump in operations with 
the loss of the military market at its 
close, drastically scaled down all oper- 
ations in order to cut operating costs. 

III. Companies dq@fded by the be- 
lief that although the war was over and 
the military demand gone, they would 
be able to sell as many or more air- 
planes than they had been selling while 
the war lasted. This latter class of op- 
timists were cheered on by some editors 
and magazines with articles and edi- 
torials saying that ten thousand private 
airplanes would be sold during the 
coming year. As a matter of fact, there 
probably were not a dozen. 

Up until the year 1927 there was 
little progress, the large overstock of 
war materials and completed airplanes 
making unnecessary the manufacture 
of any number of new ones. But with 
that year the upgrade began. Lind- 
bergh’s flight to Paris caught the 
publie’s fancy, the romance and ad- 
venture of aviation appealed to them, 
and there was an increased interest in 
everything pertaining to aeronautics. 
The interest became so keen that it 
did not hold itself passive, but de- 
manded expression in some form of 
action. Where actual flying was im- 
possible, as it was with the great ma- 
jority, and where no opportunity was 
open for making a connection with 





By Epwarp P. Warner 717 
Editor, Aviation 


some aeronautical company, the action 
took the form of desire to invest in 
some company as being the next best 
thing. The record of public enthusiasm 
is clearly shown in those days by the 
prices at which the aeronautical stocks 
sold on the stock exchange. Prices 
were fixed primarily by the demand for 
pieces of paper which were limited in 
supply and which represented part 
ownership in an industry with a ro- 
mantic appeal. Wright Aeronautical 
rose from nine to ten dollars, the price 
in early 1926, to around eighty at the 
time of Lindbergh’s flight, and from 
there went to the equivalent of over 
three hundred in the last days of 1928. 
By equivalent is meant the selling 
price after taking into account the 
splitting up of the stock. Such a record 
clearly showed the public’s interest in 
aviation and in aeronautical finance. 


ANYTHING which the public was 

so eager to purchase naturally be- 
came of interest to brokers and under- 
writers, and as there were not enough 
stocks then listed on the exchange to 
fill the popular demand, pressure was 
brought to bear on all aeronautical 
concerns to secure additional capital by 
issuing common stocks. August and 
September of 1928 saw the beginning of 
a flood of aeronautical securities, many 
of which had little to do with any 
actual demand for capital. The money 
was literally forced upon the aviation 
companies. It is hard to get an accu- 
rate idea of exactly how much money 
was put into the industry during that 
period, but three hundred million 
would not be far from a good guess. 
That figure would not include airport 
companies or companies incidentally 
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supplying aeronautical accessories, but 
only those whose business was pri- 
marily aviation. While this may seem 
to be quite a large amount of money, 
in comparison to such extensive indus- 
tries as iron and steel, the investment 
is still small. 

However, the prosperity of an indus- 
try cannot be judged by the amount of 
money which is put into it. To be 
prosperous there must be an adequate 
return upon the money invested. In- 
vestigations into the automobile in- 
dustry and others somewhat similiar in 
character to the aviation industry, 
have shown that the annual profit runs 
around 16 per cent of the gross sales. 
For year in, year out returns, and in 
consideration of the risks, 8 per cent is 
not too high a return to expect upon 
money invested in aviation. Then 
profit equals 16 per cent of sales and 
profit equals 8 per cent of capital, 
which gives a two to one ratio. For an 
industry to be in a healthy condition, 
therefore, the annual sales must be 
ordinarily at least half of the value of 
the securities of the industry. The 
aviation industry at the present time 
is reaching hardly a third of this figure. 
In some cases, profits made in 1929 
were only incidentally due to aero- 
nautical work, for the large amount of 
capital which had been supplied the in- 
dustry was more than could be used up 
entirely within itself, and frequently 
the excess was employed in the call 
money market and loaned at higher 
rates of interest. Many people who 
thought that when they were buying 
aviation stocks and that they were 
therefore getting into aviation were ac- 
tually becoming partners in a money 
lending business with a good part of 
their capital. 

(Continued on page 148) 














































The Seadrome 








Floating islands will make feasible commercial air connections 


O appraise properly the value of 
the seadrome project as the only 
commercially feasible method of 
inaugurating and maintaining a reliable 
and safe ocean airway service between 
America and Europe a short résumé of 
the present status of other suggestions 
or proposals is given herewith, with an 
estimate of their future prospects of 
fruition in the light of past experience. 
Atlantic airway proposals naturally 
divide into two classes — airplane 
routes and those to be operated by 
dirigibles. Since 1918 many airplane 
flights over the Atlantic have been at- 
tempted. But few have been success- 
ful. In no single instance can any of 
the completed flights be regarded as in- 
dicating in the remotest degree the 
possibility of establishing a safe and 
profitable air service between America 
and Europe with the facilities now 
available either in equipment or per- 
sonnel. Today in 1930, eleven years 
after the first successful nonstop flight 
over the Atlantic, made by Capt. John 
Alcock and Lieut. Arthur W. 
Brown in a Vickers-Vimy 
bomber, there is nothing to in- 
dicate that the progress possible 
in the next eleven years, or suc- 
ceeding years, will materially 
alter this outlook. 

The French, who have been 
operating an airway from 
France, down the west coast of 
Africa, to Buenos Aires, South 
America, across the South At- 
lantic, for several years, still use 
steamships for the ocean cross- 
ing of about fourteen hundred 
miles, and recently it has been 
authoritively stated by the 
company operating the service 
that while they hope some day 
to make the whole trip by air, 
there was nothing to indicate 
how or when this would be 
possible. 

In Germany, where Rohr- 
bach, Junkers and Dornier have 
spent millions in attempts to 
build long range airplanes de- 
signed ultimately for trans- 
Atlantic service, they have not 
been able to appreciably in- 
crease the useful load per horse 
power even in their largest 
planes, and have, according to 
recent press announcements, 
abandoned their tentative pro- 
posal for South Atlantic air serv- 
ice until more advanced equip- 
ment and methods are available. 





with other continents 


By Epwarp R. ARMSTRONG 


President 
Armstrong Seadrome Development Company 


IRIGIBLES of the rigid type 

have been, and still are, seriously 
proposed as offering the only solution 
to ocean airways. The most recent ex- 
ample of commercial dirigibles, the 
R-100 and R-101, just completed by 
the British Government at the cost of 
approximately seven million dollars, 
have been declared by their principal 
sponsor and designer, Sir Dennis 
Burney, impractical commercial ships, 
valuable only as _ experiments. The 
R-101 is now being cut in two and 
lengthened in an attempt to improve 
its performance. 

The Graf Zeppelin, certainly the 
most successful of post-war airships, is 
not, according to her commander, Dr. 
Eckener, large enough or fast enough 
to be other than an experimental de- 
velopment. Many millions will have 
to be spent and several years of experi- 





SEADROME MODEL 


This model, 3's full size, has successfully withstood a fifty-mile-per- 
hour wind, accompanied by four-foot waves. For the full-size struc- 
ture, this would be the equivalent of a wind of 280 miles per hour and 
waves 144 feet high. 
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mental operation elapse before any 
definite conclusion can be arrived at as 
to the commercial possibilities of 
dirigibles. 

Whether or not they are eventually 
successful has very little bearing on the 
seadrome development, because the in- 
vestment and operating cost of the 
seadrome airplane service between 
America and Europe will always be 
quite materially lower than even the 
most optimistic estimates made cover- 
ing the corresponding dirigible service. 
In addition, due to fundamental differ- 
ences between airplanes and dirigibles, 
the speed of the airplane route will be 
double that of the dirigible with a fre- 
quency and variety of service easily ten 
times as great. 

While there are no definite trans- 
Atlantic proposals, other than the sea- 
drome system, looking towards trans- 
Atlantic airways, it has frequently 
been suggested that an airplane route 
might be feasible over the North 
Atlantic, by way of Labrador and 
Newfoundland, to Greenland, 
Iceland and so on to Europe. 
Experimental trials of this route, 
both east and west, made during 
1929, resulted in total failure 
and the announcement, by the 
backers of the experiments, that 
even at the best season of the 
year this northern route would 
be entirely impractical, com- 
mercially. 

The southern route, westerly 
over the ocean, from Portugal, 
or Spain, to the Azores, thence to 
Bermuda and on to America, 
has also been frequently sug- 
gested and quite a number of 
attempts made to fly to America 
by this route. In every in- 
stance, however, failure has re- 
sulted. 

Ten years of progress in air- 
plane design and operation has 
not reduced the hazard of ocean 
flying appreciably. It is still a 
death defying stunt, and with- 
out the aid of seadromes, will 
long continue to be extremely 
hazardous with no prospect of 
ever being a certain and safe 
commercial operation. In sum- 
mation it can be very definitely 
stated that other than the sea- 
drome proposal there is no proj- 
ect for an ocean airway between 
the United States and Europe, 
and it does not appear that a 
sound commercial venture reli- 
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able and safe in operation is possible 
now, or can be forecasted as being 
possible, at any reasonable definite time 
in the future. It further has been defi- 
nitely established that “if and when 
and as”’ such services are in operation 
they could not compete with the sea- 
drome system, using the same advanced 
equipment that now appears necessary 
to make any other project possible. 

The world-wide interest in the sea- 
drome development is sufficient insur- 
ance that it is not enthusiasm running 
wild that has led to the above conclu- 
sion. The technical, business and polit- 
ical aspect has been studied in consid- 
erable detail abroad and has been the 
subject of official comment by the 
Governments of the United States, 
England, France, Germany, Italy and 
Japan. 


HE final form of the seadrome is 
the evolution resulting from fifteen 
years of investigation, design and test. 
Beginning with the first design made in 
1915, about twenty different types 
have been made the subject of experi- 
inent and study. The basic structure 
represented in the present design was 
originated in 1919 and as_ finally 
‘worked out, follows very closely the 
fundamental principles incorporated in 
the first model constructed in 1922. 

Subsequent tests have but confirmed 
the basic principle of the structure as 
being the only feasible way of building 
a floating station suitable for ocean air- 
port service. There seems therefore 
ample justification for the widely held 
opinion that no other type of structure 
will successfully serve the purpose and 
survive under the weather conditions 
associated with the service. 

The seadrome deck, of steel, 70 feet 
above sea level is 1,100 feet long, 340 
feet wide in the central zone and 180 
feet wide at the ends. It is supported 
by 32 buoyancy tanks, connected to 
the deck by means of streamlined iron 
columns, the whole forming a deep 
truss by means of tubular struts and 
steel cable ties. The buoyancy tanks 
arearranged symmetrically in four rows, 
the outer row being composed of five 
tanks, 34 feet in diameter, and the cen- 
tral rows of 11 tanks each, 27 feet in 
diameter. All tanks are 38 feet deep. 
The longitudinal spacing of the buoy- 
ancy tanks averages 100 feet. Below 
the buoyancy tanks the lower columns 
extend about 100 feet to support the 
ballast tanks, which contain iron-ore 
ballast sufficient in amount to bring 
the centre of gravity of the structure as 
a whole about 10 feet below the centre 
of buoyancy. 

_ Due to the peculiar arrangement of 
Its elements a seadrome does not roll, 
pitch or heave when exposed to wave 
action. Waves go through the open- 
work structure without being disturbed 
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or their orbital movement of propaga- 
tion broken up so that there is no re- 
lease of energy from the wave system 
and therefore practically no stresses 
produced in the seadrome when it en- 
counters the maximum in waves asso- 
ciated with the most severe storms 
possible at sea. 


LL the exposed parts of the sea- 

drome in the region of the water 
line, and above, are of streamlined 
shape to reduce wind resistance to a 
minimum. The lower column system 
is made amply strong so as to avoid the 
need of struts and ties, which would 
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signed by naval architects and ship- 
builders, is according to American 
Bureau of Shipping and Lloyds re- 
quirements. Soft steel is the principal 
construction material, used with riv- 
eted joints, the single exception being 
the deck plates which are welded. 
Special rivets are specified in all situa- 
tions directly exposed to sea water, to 
minimize corrosion brought about by 
electrolytic action. 

Decks and bulkheads divide the 
buoyancy tanks into seven water-tight 
compartments, a total for the whole 
structure of 224 subdivisions, believed 
ample from a safety point of view to in- 





ARTIST’S CONCEPTION OF THE STRUCTURE 


Ample hangar space and hotel facilities are provided. The deck will be 1,100 feet long, and will 
have a maximum width of 340 feet. It will not roll or pitch in any weather. 


greatly increase the water current re- 
sistance as well as introduce consider- 
able complication in erection and 
maintenance. 

The deep sea draft of the seadrome, 
on station duty, is 177 feet. Obviously 
such a great draft precludes erection 
close to shore so special construction is 
adopted to permit this operation in 
shallow water, with a draft of approxi- 
mately 44 feet. The ballast tank col- 
umns are designed to telescope up 
inside the streamlined upper columns, 
connecting the buoyancy tanks with 
the deck, the ballast, ballast tanks and 
ballast tank columns under this condi- 
tion being supported by the buoyancy 
of the ballast tanks. 

The structural weight, as finally 
worked out, exceeds that estimated in 
the preliminary design, the total now 
being about 17,500 tons. In general 
the deck system has been designed by 
structural steel and bridge engineers, 
in accordance with the specifications of 
the American Institute of Steel Con- 
struction. The buoyancy system, de- 





sure adequate buoyancy under all con- 
ditions at sea. An electrically-driven 
bilge pump is provided in each buoy- 
ancy tank, so connected as to drain 
seepage water from any compartment. 
Provision is also made to use com- 
pressed air to clear any compartment 
of water, should it be necessary. Either 
the bilge pump or the air system is used 
to maintain the desired water-line dis- 
placement and trim. Any compart- 
ment is accessible for maintenance and 
repair from the inside, special paints 
being ordinarily used to inhibit cor- 
rosion. 

The streamlined columns, connect- 
ing the deck with the buoyancy tanks, 
are made of iron because investigation 
has shown that iron is very resistant to 
corrosion by salt water. The record of 
longevity of iron sailing ships estab- 
lishes beyond question that iron, for all 
practical purposes, will last indefinitely 
in sea water. According to Lloyds 
Register of Shipping there is a total of 
162 iron sailing ships still in commis- 
(Continued on page 150) 




































Lighter- 


Than- Air Craft 


Recent developments have given 
an impetus to this industry 


By Pact G. Witson 





Publications Department, Goodyear Zeppelin Corporation 


EVERAL important developments 
S recently have given considerable 

impetustothe growth of thelighter- 
than-air craft industry. Chief among 
these developments were (a) the first 
experiments with a commercial trans- 
atlantic air-service by means of the 
rigid airship Graf Zeppelin; (b) author- 
ization by the United States Navy De- 
partment for the construction of two 
rigid airships of 6,500,000 cubic feet 
capacity by the Goodyear-Zeppelin 
Corp.; (c) development and construc- 
tion by the British of two 5,000,000 
cubic feet airships to be used for long- 
distance passenger and mail transpor- 
tation; and (d) erection of the world’s 
largest airship factory and dock by the 
Goodyear-Zeppelin Corp. in Akron, 
Ohio; and construction by the same 
company of a fleet of small non-rigid 
airships to be used for commercial 
purposes. 


LTHOUGH all investigations had 

indicated that a 5,000,000 cubic 
feet hydrogen ship was the smallest 
that was practical for the proposed 
service, the German Zeppelin company 
found itself limited as to size and fine- 
ness ratio by the size of the available 
construction hangar. Therefore the 


hydrogen capacity of the Graf Zep- 





pelin was made 3,710,000 cubic feet; 
the length, 770 feet; and the diameter, 
100 feet. Propulsion is by five 530-h. p. 
engines, a total of 2,650 h. p., giving a 
top speed of 78 m.p.h. 

At this speed the cruising radius is 
about 5,360 miles, while at a cruising 
speed of 70 m.p.h. the range is increased 
to 7,030 miles. These figures apply to 
the ship carrying 20 passengers and 5 
tons of freight in addition to a crew of 
40. In fundamental design this ship 
follows in general the conventional 
principles embodied in its immediate 
predecessor, the Los Angeles. 

One novel feature incorporated into 
this new ship must be considered as a 
definite step in the proper direction. 
This is the adoption of gaseous fuel. 
Previous ships, flying with liquid fuels, 
grew lighter during flight as the fuel 
was consumed and therefore had to 
valve out some of the lifting gas to re- 
establish equilibrium; for instance, to 
land after a long flight. The designers 
of the Graf Zeppelin selected a fuel gas 
having the same density as air so that 
the consumption of fuel would not 
lighten the weight of the ship. The 
ship is, therefore, always in static 
equilibrium, and the valving of hydro- 
gen is not necessary. 

It had also been the practice in pre- 
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CONTRASTING THE 
PROPOSED NAVY AIRSHIP 
WITH A BATTLESHIP 

This new airship wil! have a capacity 
of 6,500,000 cubic feet, and will be in- 
flated with helium. It will have an overall 
length of 785 feet, and a useful lift of 
193,000 pounds. 









vious ships to retain the lifting gas 
within cylindrical cells which, when 
fully inflated, completely fill the hull. 
But in the Graf Zeppelin the lower 
third of the hull volume has been given 
over to an additional set of cells in 
which the fuel gas is carried. The lift- 
ing-gas cells occupy the available hull 
space above the fuel-gas cells. 


EVERAL important lessons can be 
\" learned from these flights. It is evi- 
dent that even airships built along con- 
ventional lines are capable of with- 
standing abnormal weather conditions. 
It seems imperative, however, that if 
regular service is to be maintained 
ships must have higher speeds; and, 
since a fast and regular service will not 
permit the circumnavigation of any 
but the worst storms, it is advisable 
that they be built more rugged and 
compact, to withstand the strain from 
repeated stresses that may be encoun- 
tered in the gusts of heavy gales. The 
Graf Zeppelin demonstrated that such 
passenger accommodations as she has 
are not quite as commodious or com- 
fortable as the ocean traveling public 
would expect on regular lines. 

It is extremely fortunate that the 
United States Navy, in its recent order 

(Continued on page 152) 














Commercial Airline Operation 


An outline of the economic problems involved in the operation of an airline 


ROBLEMS faced by airplane op- 
P erators in the United States have 
been similar to those met, and 
conquered, by the older surface trans- 
port systems; in some instances they 
have been more complex. 

The popular conception is that the 
airplane as a transport machine is 
much more common in several Euro- 
pean countries than it is in the United 
States. Records will show, however, 
that American airplanes engaged in 
transport cover more miles daily than 
those of any other nation in the world. 
They have been operated with a relia- 
bility record unexcelled by any other 
nation. They have carried more mail 
and thus been of greater service to the 
greatest number of people than the air- 
planes of any other nation. And, bar- 
ring the subsidies granted by all foreign 
governments to their air transport 
companies, they have been operated 
with unequalled financial success. 


OME of these problems have been 
‘faced by the older transport con- 
cerns, but not all of them. The steam- 
ship was ridiculed at first, but great 
cities built harbors for them and trans- 
portation of passengers and goods by 
water was encouraged. 

The steam train had its problems, 
including the perfecting of steel rails 
that would stand the constant pound- 
ing of locomotives and heavy cars. But 
the early railroads were encouraged 
by valuable government grants and 
they never considered such things as 
weather reports or radio equip- 
ment. 

The automobile was scoffed 
at when it first appeared, 
but popular approval 
soon caused the build- 
ing of splendid 
highways and 
the automo- 
bile was 
made wel- 
come 
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everywhere. Of course, there was no 
thought of weather reports or radio 
and navigation instruments included 
a speedometer and perhaps an oil 
gauge. 

The airplane since its advent as a 
transport machine has been generously 
aided by our Federal Government, by 
numerous municipalities and by many 
organizations and individuals. But 
what has been done for air travel is in- 
significant in comparison to what has 
been done for the other and older car- 
riers. Billions of dollars have been 
expended out of the public purse for 
the construction of wharves and docks, 
the deepening of harbors and rivers, 
the building of canals and the estab- 
lishing of lighthouses. Many billions 
have been granted our railroads in the 
shape of rights-of-way and still more 
billions have been expended in high- 
way construction to aid automobile 
use. Until the last two years, however, 
there was hesitancy on the part of our 
municipalities to aid the airplane. The 
Federal Government had done much 
and is still giving the air transport 
companies splendid coéperation, but 
more needs to be done, particularly in 
the way of establishing airports. Now, 
fortunately for the progress of air 
transport, our more progressive cities 
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have awakened to the possibilities of 
the airplane as a carrier and they have 
realized, too, that they can establish an 
airport and operate it at a financial 
profit. The result is that there are now 
approximately 1,500 airports and land- 
ing fields recognized by the Depart- 
ment of Commerce and an equal num- 
ber of airports are under construction 
or being planned. 

With the advent of every new trans- 
port machine there has been a certain 
amount of educational work to over- 
come the timidity of some people. 
Man is not essentially a bold animal. 
He is, in fact, overly cautious. Our 
people have feared to ride upon boats, 
upon trains and in automobiles. It has 
taken time and patience to overcome 
this fear. The same has been true with 
the airplane, but our problem has been 
somewhat more complex than that 
faced by other carriers. It has been 
natural for mankind to look upon land 
as something to walk upon, or ride 
upon, and for many centuries boats 
have been plying our seas and rivers. 
Too few people have stopped to realize 
that air also has weight sustaining 
power, that like water it also may be 
considered as a fluid and that if it can 
hold a bird aloft in flight it can likewise 
hold aloft a man-made machine pos- 
sessing similar wings, or sustaining 
surfaces, plus the needed propulsion 
power. 

The inherent fear of being in the air, 
however, is not due entirely to a lack of 
understanding of the weight sustain- 
ing abilities of air. Some people 

cannot stand atop a short lad- 
der, or look from the window 
of a tall office building, 
without having an un- 

favorable reaction of 
fear. It will take 
time to con- 
vince them 
(Continued 


on page 
154) 


PASSENGER DEPOT NEAR ALHAMBRA, CALIFORNIA 
Airplanes of the Western Air Express Company arrive from and depart daily for various points in the West. 
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The Zeiss Planetarium 





This device simpli fies the teaching of astronomy 


STRONOMY, because of the 
A complexity of the subject, has 

been one of the things which it 
has always been difficult to teach. In 
the past, in order to explain the move- 
ments of the planets around the sun, 
attempts have been made with varying 
degrees of success to build mechanical 
models. One of the first of these was 
one constructed by Charles Boyle, 
fourth Earl of Orrery (1616-1731), 
who built a very complex model in 
which the planets were represented by 
spheres of various sizes supported on a 
movable framework and driven along 
their paths by mechanical means. Al- 
though this type of model did have 
merit in helping to explain the work- 
ings of the heavenly bodies, it had the 
demerits of having the mechanical 
parts very much in evidence, which de- 
stroyed the effect and was very cum- 
bersome and extremely difficult to 
build showing many of the heavenly 
bodies. 

The Zeiss Planetarium is built upon 
an entirely different principle. Instead 
of the observer being placed in a posi- 
tion in outer space, he is on the interior 
of a large hemisphere made to repre- 
sent the heavens, his position being 
similar to that of an observer upon the 
earth’s surface. Instead of using me- 
chanical models of the stars and 
planets, representations of them are 
projected from the large Planetarium 
instrument placed in the center of the 
floor. This instrument consists of two 
semi-spherical star-image carriers, one 
for the southern and the other for the 
northern hemisphere, placed at opposite 
ends of the instru- 
ment. Between these 
carriers is’ a_ section 
of the cylindrical 
framework for project- 
ing the bodies of the 
solar system. Lenses 
and light sources, to- 
gether with film in 
some cases, provide 
the means of project- 
ing the images of the 
heavenly bodies upon 
the large dome of the 
Planetarium. The ap- 
paratus which thus 
throws lantern slide 
images of stars upon 
the dome is very com- 
plex, 119 optical pro- 
jectors being required 
to reproduce every 
possible motion in a 
celestial body. There 
are 16 for the fixed 


Courtesy Carl Zeiss 
CROSS SECTIONAL VIEW OF THE INTERIOR OF THE PLANETARIUM 


The lecturer is pointing out the stars and planets by means of a flashlight. 
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stars of the northern sky; 16 for the 
fixed stars of the southern sky; 18 for 
the nebulae, star clusters, and Sirius; 
10 for the Sun, Moon, and Saturn; 
8 for Mars and Jupiter; 12 for a net- 
work of lines which includes the zodiac, 
the polar circles, and the ecliptic; and 
others to indicate names and to serve 
various additional purposes. Besides 
these there are three electric motors 
alone for controlling the length of the 
year, while others mimic the nutation 
of the earth and vary geographical lati- 
tude. 


NE can imagine the complexity of 

this instrument when it is realized 
that in its final form every single star 
which on a clear night is visible to the 
unaided eye is so accurately shown 
within so close a distance of its actual 
relative position on the dome, that it 
would be necessary to take actual astro- 
nomical observations by means of in- 
struments to reveal any error. Through 
nearly 9,000 stars, the sun, the moon, 
and the planets move along paths 
which are so nearly correct that the 
maximum possible deviation in the 
orbit of any one of the planets for a 
period corresponding to 5,000 years 
would be only one degree. One of the 
chief values of such an artificial repre- 
sentation of the heavens is the manner 
in which events which take place in 
nature with extreme slowness can be 
speeded up so that instead they can be 
made to take place within a very few 
hours, minutes, or seconds. Thus it is 
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possible to show the diurnal move- 
ment, by which the heavens once in 
every twenty-four hours appear to re- 
volve about the earth, within a period 
of four minutes or in one and one- 
quarter minutes. For studying the 
motions of the planets, a whole year 
may be made to take place in four 
minutes, in one and one-quarter min- 
utes, or in seven and one-half seconds. 
It is possible to speed up events still 
further so as to show the heavenly 
vault as it will appear ten or twenty 
thousand years from now, at which 
time it will be rotating about a differ- 
ent pole star. A quick precession drive 
allows this to be done carrying the pole 
of the heavens once around its 26,000- 
year cycle in one and one-half minutes. 

Not only is it possible to change the 
time in which events take place in the 
heavens, but it is also possible to show 
the spectator how the heavens would 
appear to stargazers on other parts of 
the earth’s surface. They can be trans- 
ported to the tropics and shown con- 
stellations which they have never seen, 
or they can be taken to either pole 
where the celestial bodies simply swing 
around forever in circles without rising 
or setting. Thus it can be seen that 
in a modern Planetarium any star can 
be shown as it appears at any time 
from any part of the earth. 


[X reproducing the Milky-Way, more 

trouble was experienced than in the 
entire problem of fixed-star projection, 
due to the difficulty in finding a type 
of image which was satisfactory. The 
Milky-Way is composed of areas which 
have varying degrees 
of light intensities and 
in order to get a true 
representation these 
had to be faithfully 
reproduced. A repro- 
duction of one-half the 
Milky-Way film used 
in the projector is 
shown in one of the 
illustrations. This 
image was made in 
accordance with a 
special map obtained 
from an astronomical 
observatory, and 
shows clearly the vary- 
ing degrees of light 
intensity. A careful 
examination will show 
the fine network to be 
made up of a large 
number of irregular 
fields of equidistant 
white spots which are 
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arranged upon a curvilinear pattern in 
order to prevent refraction effects, such 
as would arise from a rectilinear pat- 
tern, like that of the screen of a half 
tone engraving. The two points marked 
“Canopus” and ‘‘Coronae Austrinae” 
are the names of stars used in locating 
points for adjusting the position of the 
image with reference to the field of stars. 

In reproducing the Milky-Way a 
pattern of dots was arranged on con- 
centric circles laid out by draftsmen on 
a large scale. This same pattern was 
then repeated ten times, each time us- 
ing dots of a larger size, thus giving ten 
patterns of as many graduated degrees 
of “‘darkness.”’ Negative prints made 
on a reduced scale were then made 
from each pattern, these prints showing 
white spots on a black background, in 
ten different degrees of “‘lightness.”’ 
By cutting out sections of the required 
shape from a number of such prints and 
pasting them together on a board in an 
arrangement corresponding to the map, 
an accurate large scale original was ob- 
tained. All that was then needed was a 
photographic reduction to the proper 
size to yield the film. 


HE Planetarium instrument is con- 
trolled by a lecturer. A spectator 
takes his seat beneath the dome with 
six hundred others. As the lights are 


2 Canopus 


Courtesy of Henry Simon and American Machinist 
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out the various stars and planets to the 
spectators with the aid of a flashlight 
which flashes an arrow on the dome. 
He shows them why Venus appears 
only as a morning or as an evening star, 
and is never seen at midnight because 
Venus circles around the sun within the 
orbit of the earth. Dr. Bauerfeld, the 
engineer who designed the Planeta- 
rium, has succeeded so well that the 
effects correspond exactly with those of 
nature. The heavens within the Plane- 
tarium appear a faint blue, the same 
phenomenon which is observed out of 
doors on a clear night. Care has been 
taken that as a star sets, it becomes 
fainter, even as it does in reality, due 
to the thicker layer of air through 
which its light must pass. 

In building the structure of the 
dome itself for the Munich Planeta- 
rium, the attempt was made to have it 
made with the least possible expendi- 
ture for material and wages. A net- 
work dome was constructed of iron 
rods of varying lengths joined together 
by means of girderlocks. When the 
network was completed, the inner sur- 
face was covered with a temporary 
wooden sheathing, against which con- 
crete was sprayed. For insulation pur- 
poses cork sheets were used to cover 
the dome, and over these rubber 
sheets for roof covering. For the 
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ONE-HALF OF THE MILKY-WAY FILM 


Courtesy 
Carl Zeiss 
THE 
ZEISS PLANETARIUM INSTRUMENT 
It projects the images of the stars and planets 
upon the Planetarium dome. 


very poor acoustical properties due to 
sound waves from the speaker being re- 
flected from the hard walls, and because 
of the shape of the dome coming to a 
focus again, after the lapse of a short 
time interval. To remedy that in later 
constructions, an inner dome was con- 
structed inside of the outer concrete 
one, and this inner one was covered 
with white linen which allowed the 


& Coronae austrinae 


The white dot at the upper right is ‘“‘ Alpha Coronae Austrinae,” one of the two points used to denote the positions of stars for locating the projected 
image with reference to the field of stars shown on the screen. 


gradually turned down, the white ceil- 
ing above loses its whiteness and his 
eyes become gradually accustomed to 
the darkness. When a_ switch is 
thrown, the vault becomes studded 
with stars, and he finds himself out of 
doors, beneath a firmament of twin- 
kling stars. The lecturer controls the 
instrument from his desk and _ points 


Munich instrument the entire thickness 
of the finished dome covering, includ- 
ing the insulating layer, is only 1—-250th 
part of the dome’s diameter. The ratio 
of the thickness of the shell of the dome 
to its diameter is therefore less than 
that of the eggshell to the diameter of 
a hen’s egg. 

However, a concrete lined dome has 


sound waves to pass through it easily. 
Between the two domes were placed a 
large number of thin metal plates, set 
at varying angles so that the sound 
waves passing through were diverted 
in different directions, and did not 
come to a focus again. In this manner 
the acoustics were improved and dis- 
turbing echos were eliminated. 








The Diesel Aircraft Engine 





A few of the design features incorporated in the new Packard power plant 


VWNHE most interesting aspect of the 
lr engine design is undoubtedly a 
consideration of the design fea- 
tures which have brought the weight of 
the Packard Diesel engine down to 
practically the same level as that of 
gasoline aircraft engines of equivalent 
power. Heretofore Diesel engines even 
of the so-called light weight modern 
type have weighed around 25 pounds 
per horse power, whereas the Packard 
engine weighs but one-tenth as 
much. 

A review of the design will 
show that important weight 
economies have been secured 
by, first, the elimination of 
carburetors and magnetos, and 
secondly, by an intense sim- 
plification of design. Evi- 
dences of the latter are found 
in the one-piece crankcase con- 
struction of extremely light 
weight and the single valve 
arrangement which automati- 
cally halves the number of 
parts required for valve opera- 
tion as found in conventional 
gasoline engines. 


HE crankcase’ which 

weighs only 34 pounds is 
unique not only because it is of 
one piece, thus dispensing with 
heavy flanges and bolts, but al- 
so in respect to the novel fash- 
ion in which the cylinders are 
fastened to the crankcase. 
Ordinarily in a radial air- 
cooled aircraft engine each 
cylinder is held to the crank- 
case by a multiplicity of studs 
screwed into the crankcase 
flange and projecting through 
the cylinder flange against 
which the retaining nuts seat. 
With this arrangement the 
tension stresses resulting from 
the explosion loads in the cyl- 
inders are carried through the crank- 
case walls to the crankshaft main bear- 
ing anchorage. This involves fairly 
heavy crankcase construction even 
with a gasoline engine but such struc- 
ture applied to the Diesel principle 
would require the use of very thick 
sections since the light alloys used in 
crankcase construction have poor re- 
sistance properties for this type of 
shock loading. In the Packard engine 
two circular hoops of alloy steel en- 
circle the cylinder flanges in contact 
with the crankcase at the front and 
rear of the engine and these hoops are 
contracted by means of sturdy turn- 
buckles so that an initial stress is set 
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up in these hoops which exceeds by a 
wide margin the operating stress re- 
sulting from the cylinder explosions. 
Under this system the crankcase is sub- 
jected to an initial compression which 
it is well adapted to resist. However, 
when the engine is running these stresses 
are materially reduced and at no time 
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THE PACKARD DIESEL ENGINE 


A quarterly front showing the engine ready for the installation of 


exhaust manifold and propeller blades. 


is it possible to transfer any tension 
loads from the cylinder to the crankcase. 

Although the analogy is not strictly 
correct, a comparison may be made 
with an automobile wood wheel repre- 
senting conventional aircraft engine 
crankcase construction on the one 
hand and a wire wheel representing the 
new Packard crankcase arrangement 
on the other hand. The latter construc- 
tion has proven considerably lighter be- 
cause the load is not transferred from 
the ground to the hub directly through 
the lower spokes as is the case with the 
wood wheel but is spread over a great 
many more spokes arranged in the 
upper quadrant of the wheel. Those 
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spokes in a wire wheel which are di- 
rectly above the ground receive no load 
at all but rather have their initial ten- 
sion reduced just as in the Packard 
crankcase that section of the crankcase 
immediately below the working cylin- 
der has its loads reduced rather than 
increased at the time of explosion. 


PiaQvuaL in importance to the crank- 
case construction, which permits 
a light structure withstanding 
extremely heavy loads, are the 
arrangements whereby the 
crankshaft and propeller are 
protected from _ excessively 
high stresses. 

In the Packard Diesel en- 
gine the maximum cylinder 
pressures are over ten times as 
great as the average cylinder 
pressures during the working 
stroke and this would necessi- 
tate the pistons, connecting 
rods, crankshaft and propeller 
being approximately ten times 
as strong as they would have 
to be to resist the average 
pressure were it not, for the 
fact that effective measures 
have been taken to’ cushion 
these major parts of the engine 
from the shock-loading result- 
ing from the high explosion 
pressures. Advantage is taken 
of the fact that these peak 
explosion pressures exist for a 
very short time in each cycle. 
The crankshaft counterweights 
and the propeller are both 
flexibly mounted on the crank- 
shaft so that when the peak 
pressures occur a cushion is in- 
terposed between the crank- 
shaft and those parts which 
have the maximum inertia or 
flywheel effect. In this manner 
the stresses in the crankshaft 
are greatly reduced and it is 
possible to use a crankshaft of a size 
not substantially different from that 
employed in a corresponding gasoline 
engine. 

To describe the cushioning methods 
in detail, the counterweights instead of 
being rigidly bolted to the crank 
cheeks are pivoted on them and are 
located between powerful compression 
springs. With this arrangement when 
the crankshaft is suddenly accelerated 
the counterweights lag behind slightly 
so that the peak cylinder pressure is 
expended before the counterweights 
are again solidly driven by the crank- 
shaft. In a similar fashion the propeller 

(Continued on page 160) 






































Meteorological Research 


The solution of meteorological problems requires men trained tn 


to stress in the following lines the 

need of a well organized meteoro- 
logical service for the commercial and 
military airways of the country. At the 
present time, however, this need is so 
generally recognized, even though indi- 
vidual conceptions of a satisfactory 
meteorological service may vary, that 
little or no good would be accomplished 
by such an article. Instead, I have at- 
tempted to discuss a purely meteoro- 
logical research problem, the ultimate 
solution of which should be of definite 
value to aeronautics. 

It seems to me that the pursuit of 
meteorology should be encouraged be- 
cause it adds to our knowledge of the 
nature in which we live. To justify the 
study of the atmosphere by pointing to 
the practical value of the results is in 
my opinion to degrade the science. It 
is also an impractical attitude since 
work conducted in such a spirit rarely 
produces fundamental results. My aim 
is to show that research without side 
glances to the gallery is stimulating and 
productive of far-reaching results and 
that the practical applications often 
may be had for the picking. The study 
of atmospheric turbulence furnishes 
good illustration in point. 


I: would perhaps have been natural 


CASUAL inspection of a few 

wind structure records will show 
that the wind velocity generally ex- 
hibits rapid, irregular fluctuations (20- 
25 per minute), the average amplitude 
of which variations roughly may be 
said to be equal to the mean wind 
velocity itself. These fluctuations in- 
dicate that the air flow is of a turbu- 
lent, eddying character. 

In attempting to visualize the effects 
of this eddying motion, meteorologists 
usually assume that small bodies of air 
at frequent but irregular intervals are 
pushed away from their original posi- 
tions into other strata, where they are 
gradually absorbed by the surround- 
ings. These small bodies of air, “‘tur- 
bulence elements” in meteorological 
parlance, may be compared with the 
molecules of the kinetic theory of gases. 
The distance covered by an element 
before absorption then corresponds to 
the free path of the molecules. The 
significance of these travelling eddies 
lies in the fact that they carry the 
properties of their ‘mother layer” into 
the new surroundings. Thus, they 


cause a diffusion of various atmos- 
pheric properties, which will increase 
with the number and magnitude of the 
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eddies themselves. Most characteris- 
tics of the atmosphere (for instance, 
temperature, humidity, wind velocity) 
vary slightly or not at all in a horizon- 
tal plane and the effect of the hori- 
zontal displacement of the eddies is 
therefore negligible. In vertical direc- 
tions, however, conditions are more 
rapidly variable. The specific humid- 
ity, or the atmospheric water vapour 
content expressed in weight percentage, 
usually decreases fairly rapidly with 
elevation. It is easy to see that a verti- 
cal exchange of eddies will lead to a net 
transport of water vapour from moist 
to dry strata, in other words, upward. 
This transport will depend upon two 
factors, a coefficient A measuring the 
intensity of the mass (eddy) exchange 
through a horizontal surface and a fac- 
tor measuring the rate of decrease of 
specific humidity with elevation. Thus 
there is a general upward transport of 
water in the atmosphere from the sur- 
face of the earth where the supply is 
replenished through evaporation to the 
cloud level where condensation and 
precipitation take place, completing 
the circulation. 

The same principle may be applied 
to the transport of wind velocity (hori- 
zontal momentum). It is obvious.that 
a constant transport of velocity will 
take place from rapidly moving to 
slower moving strata of the air, thus 
tending to equalize the differences in 
velocity between various layers. The 
expression for this transport of mo- 
mentum is similar to the one obtained 
for the transport of moisture. It is then 
easily seen that the quantity A intro- 
duced above may be interpreted as a 
fictitious viscosity coefficient caused by 
the haphazard movements of the 
eddies. 

If the state of turbulence is known, 
in other words if we know the value of 
A, it is easy to calculate the effect of 
the eddy motion upon the variation of 
various meteorological properties with 
elevation. In this way a satisfactory 
theory for the variation of wind direc- 
tion and wind velocity with elevation 
has been developed, the opposite 
phases of the diurnal variation of the 
wind velocity at the ground and at some 
elevation above the ground have been 
explained, the transmission of the 
diurnal variation in temperature at the 
ground to higher levels has been inves- 
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tigated and also a series of other 
phenomena, too numerous to mention 
here. 


(THE theory sketched above is based 

upon a very primitive picture of 
the movements of atmospheric eddies. 
At a fairly early stage the question 
therefore was asked, what are the fac- 
tors controlling the number, magnitude 
and movement of the eddies? A com- 
plete answer to this question would 
enable us to calculate the state of tur- 
bulence and in particular the value of 
the quantity A from the observed 
characteristics of the atmosphere, 
whereas previous investigations have 
been based entirely upon suitable em- 
pirical values for A. The complete 
answer to this question has not yet 
been found. 

It is known that the irregular (eddy) 
velocity fluctuations increase with the 
wind velocity and we know that they 
increase with the roughness of the 
ground. 

In small scale studies of the flow of 
air or water it is well known that the 
change from laminar to turbulent flow 
takes place at a velocity determined 
from the critical Reynold’s number. 
A similar critical velocity seems to ex- 
ist also in the atmosphere. Wind 
structure records generally indicate 
that the airflow is fairly smooth and 
regular for mean wind velocities below 
six to eight miles per hour. As the 
mean velocity passes this value, the 
flow changes rather abruptly into one 
of marked turbulence. 


HOWEVER, a comparison between 

laboratory results and free flow in 
the atmosphere is complicated by the 
effect of compressibility and buoyancy 
on atmospheric turbulence. In a tur- 
bulent stream of water through a pipe, 
an element displaced in any fashion 
will always be in hydrostatic equilib- 
rium with the surroundings. In the 
atmosphere, if the element is displaced 
upward, it may, due to the change in 
pressure, arrive at its destination con- 
siderably colder than the surroundings. 
In such case the atmosphere exerts a 
damping effect upon the eddy motion 
and tends to prevent its full develop- 
ment. This stable arrangement of the 
atmosphere is characteristic of the 
winter season, the night, and northerly 
latitudes, when the lower strata of the 
air have been cooled through radiation. 
In other cases the ascending eddy will 

(Continued on page 170) 












The Construction 










THE CONSOLIDATED “COMMODORE” 
IN FLIGHT 


N a flying boat of this type it is im- 
possible to consider the structure 
as a whole: the hull is entirely sepa- 

rate from the wing and it represents a 
totally different problem in design. 
However, there are several interesting 
features to be noted in connection with 
the general design. The first of these is 
the all-metal construction, which is 
used for all of the structure excepting 
the covering of the wing and control 
surfaces, which is of fabric. Practically 
all of the structural material is dura- 
lumin, either in sheet or extruded form. 
Chrome-molybdenum steel is used for 
most of the important fittings, for 
parts subjected to vibration, and for 
some of the highly stressed struts. Heat 
treatment is used on both duralumin 
and steel parts in order to utilize the 
maximum strength of these materials. 
The hull itself is 58 feet, 614 inches 
in length. At stations about one-half 
and three-quarters of the distance back 
from the bow, the bottom is broken by 
steps; the front step is the conventional 
type, consisting of 
an upward offset in 
the bottom lines of 
about four inches; 
the rear step is 
formed by curving 
in the side plating 
below the chine un- 
til the sides meet at 
the step. The maxi- 
mum beam of the 
hull is 101 inches; 
the greatest depth 
from deck line to 
keel is 821% inches. 
Over the pilot’s 








of an All-Metal Flying-Boat 


In this article are discussed 


cockpit a small cabin is built up to 
form the windshield and to enclose the 
pilot’s compartment. 


THE hull structure must serve two 

purposes: it must act as a sort of 
monocoque fuselage and must also 
serve as a boat structure. In the first 
case the forces due to the weight of the 
hull and its contents must be carried 
through the various members into the 
wing struts, from which comes the sup- 
porting force. Since these struts are at- 
tached at bulkheads 3 and 4, the whole 
structure can be considered as a sort of 
beam supported at these points and 
loaded at the various bulkheads. Under 
these conditions, the loads are carried 
into the keel members by means of the 
floor structure and from there into the 
bulkheads. The longitudinal stiffeners, 
in addition to taking their share of the 
tension and compression loads induced 
by the bending moment on the hull, 
serve to keep the skin from buckling or 
failing under the shear stresses imposed 





WING SPARS OF THE “COMMODORE” 


The web system used is of the Warren truss type. 
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some features of the 


Consolidated “Commodore” 
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on it. They are themselves held in 
place and strengthened by the belt 
frames, which are not directly attached 
to the skin at any point. 

In riding heavy seas, conditions are 
to be encountered in which the hull is 
supported by the wave crests, either at 
the center or near the two ends. These 
floating conditions are used in the anal- 
ysis for ship hulls, but the ““Commo- 
dore”’ is the first commercial flying 
boat in which the hull design has in- 
cluded a detailed analysis of these con- 
ditions. This analysis was first made 
by Mr. Roy A. Miller for the “*XPY-1” 
flying boat, the Navy patrol plane 
which was the forerunner of the “‘Com- 
modore.”’ 

The construction of the floats re- 
sembles that of the hull in many re- 
spects. They are made with two water- 
tight bulkheads, to which the attach- 
ment fittings are riveted. Beltframes 
are used to support the longitudinal 
members. Vertical and diagonal mem- 
bers on the center line form a truss 
having the full 
depth of the float. 
Handholes in the 
deck plating are 
provided with re- 
movable watertight 
covers. Each of the 
three watertight 
compartments can 
be drained by 
means of a_ plug 
screwed in at the 
lowest point on the 
bottom. 


(Continued on page 158) 












The Round Hill Experiment Station 


Originally equipped to study radio communication problems 


this station now includes a modern meteorological depot 


E. H. R. Green is located on the 

western shore of Buzzard’s Bay, 
some ten miles south of the old whaling 
port of New Bedford. For a number of 
years previous to the association of the 
Massachusetts Institute of Technology 
with the work at Round Hill, Colonel 
Green had been actively interested in 


Tr Round Hill estate of Colonel 


' 
‘ 
3 
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station WEAF would be transmitted 
by wire to Round Hill and re-broadcast 
by WMAF. This plan was put into 
successful execution on July 1, 1923. 





A PART OF THE RESEARCH GROUP 


Some of the first work in chain broadcasting was conducted here, station WMAF having been 
successfully connected with station WEAF in New York early in 1923. 


radio communication, and as early as 
1896 he attempted to utilize the results 
of Marconi’s transatlantic experiments 
for train dispatching. Receiving equip- 
ment was installed in two baggage cars 
of the Texas Midland Railroad, of 
which he was president, and a trans- 
mitter operated from Terrell, Texas. 
The metal-filings coherer of that day 
was scarcely adapted to moving trains, 
and so the experiments were not suc- 
cessful. Communication, however, was 
maintained for some time with nearby 
fixed points. 

With the early experiments in radio 
telephony Colonel Green’s interest was 
revived and he became a pioneer in the 
broadcasting of programs to a radio 
public. Station WMAF, “The Voice 
from Way down East,” was familiar to 
many an early enthusiast. Desirous of 
obtaining the best possible programs 
for his audience, Colonel Green was 
soon confronted with the problem of 
bringing the proper musical talent to a 
place so remote as Round Hill. The 
feasibility of transmitting a program 
over telephone lines from a New York 
studio was carefully investigated and 
an arrangement made with the Ameri- 
can Telephone and Telegraph Company 
whereby programs rendered for its 





Through this interest and encourage- 
ment some of the first work in chain 
broadcasting was accomplished. 


HOSE familiar with the history of 
radio communication will recall 
that the credit for the most important 


progress in that art in recent years is due 
solely to the amateur experimenter. In 
the first years following the war the 
channels of commercial communication 
became rapidly overcrowded and legis- 
lation was enacted which relegated the 
amateur to a region where it was 
thought he could do no harm. It has 
subsequently been shown that the 200 
meter band is probably the most un- 
suitable for communication in the en- 
tire radio spectrum. Forbidden to 
extend his transmission to longer wave 
lengths, the amateur’s only refuge was 
in the virtually unexplored region be- 
low 200 meters. The astonishing results 
of his endeavors in that direction soon 
attracted the attention of the entire 
radio world with the consequence that 
the possibilities of inter-continental 
communication have been prodigiously 
increased. 

Desirous of encouraging the amateur 
in every way possible, Colonel Green 
began to provide research facilities on 
his estate for qualified experimenters, 
and to this end he erected buildings to 
be used as shops and laboratories. It 
was this idea which finally ripened into 
a plan of serious scientific research. In 
the year 1926 an agreement of codpera- 
tion was entered into with the Massa- 
chusetts Institute of Technology ac- 
cording to which the Institute was to 
determine the research program and to 
supervise its execution. We shall see 
how from a modest beginning this plan 
has been developed until there is to be 

(Continued on page 162) 





INTERIOR OF THE RADIO STATION 
Not only does this station afford excellent experimental facilities, but it also has provided a 
public service by keeping in touch with such expeditions as that of the Graf Zeppelin and Byrd’s 
trip to the South Pole. 
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The New Electives 





in Aeronautical Engineering 


How the department of aeronautical engineering trains men 
in specialized branches of the profession 


recently introduced into the fourth 
year of the course in aeronautical 
engineering it is necessary to go back 
about five years, to the year 1925. It 
was at that time that the financial 
world began to consider the aeronauti- 
cal industry as a potential field of im- 
portance to investors and to agitate for 
regulation of air commerce by suitable 
government agencies. The first appar- 
ent, and perhaps the most noteworthy, 
result of this interest was the Air 
Commerce Act of 1926, which gave to 
the Department of Commerce the 
power to regulate and to foster the use 
of aircraft in interstate commerce. 
The Air Commerce Act afforded a 
method for regulating both aircraft 
and personnel so that reasonable as- 
surance could be given to operators 
and to the general public that those 
hazards of flight due to the faulty 
equipment and incompetent personnel 
would be eliminated. The Department 
of Commerce, through its Aeronautics 
Branch, was enabled to set up definite 
standards of airworthiness for aircraft 
and their equipment, and for the oper- 
ating personnel. Provision was also 
made for the lighting and marking of 
airways by the Department, and for 
assisting municipalities and others in 
the development of airports. In other 
words, provisions were made for the 
fostering of the airplane industry by 
the somewhat indirect but neverthe- 
less desirable method of establishing 
standards of safety which would con- 
vince the general public that travel by 
air was no longer impracticable because 
of the hazards it entailed. 


iin order to appreciate the electives 


S a consequence, funds were made 

available by a number of investors 
for the development and operation of a 
well-planned system of transport lines. 
Several such began operating late in 
1926 or early in 1927 and, although 
they were not markedly successful if 
measured by their popularity as passen- 
ger carriers, most of them carried mails 
or perishable freight and so were able 
to justify their existence as transport 
media. To amore limited degree, funds 
were also invested in some of the 


smaller commercial aircraft companies 
and plans were made for expansion, not 
too ambitious expansion in most cases, 
of factories and facilities in the hope 
that the general public would take up 
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flying to a greater extent during 1927 
than it had in the previous years. The 
feeling throughout the aviation indus- 
try seemed to be that now that the 
public could be assured of safety in 
flight it would fly, but there was not in 
the early months of 1927 the excessive 
optimism which was so noticeable a 
short time later. 

To provide for this expansion in the 
industry it was quite obvious that the 
services of more engineers and de- 
signers would be needed and it was at 
this time that the Institute modified its 
policy of conducting the course in aero- 
nautical engineering as a graduate 
course and while still maintaining the 
graduate curriculum, established in the 
Department of Aeronautical Engineer- 
ing a four-year course leading to the 
degree of Bachelor of Science. One man 
fulfilled the requirements of this new 
course and was graduated in 1927. 
There were but eight or ten candidates 
for the Bachelor’s degree as of the Class 
of 1928, and everything was tending 
toward the consummation of the ex- 
pected expansion in the demand, and 
in the supply, of aeronautical engi- 
neers. The demand was rather broad 
in its nature and covered everything 
from design and research to operations, 
so the course of training was made as 
general as was compatible with the de- 
velopment of men who could take an 
active part in the industry without 
further expensive schooling by their 
employers. 

The grant from the Daniel Guggen- 
heim Fund for the Promotion of Aero- 
nautics was utilized in providing new 
laboratories and increased facilities for 
the Department of Aeronautical Engi- 
neering. 


A ND then came Lindbergh’s flight to 
Paris. 

The situation in every branch of 
aviation changed almost over night. 
While the general public did not com- 
mit itself to the use of airways in place 
of railways or highways, it became suf- 
ficiently air-minded to experiment to 
the extent of one or two short flights. 
The airports of the country were 
crowded every pleasant afternoon by 
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people who visited them to “take a 
ride.”’ As a consequence, the demand 
for the smaller, “‘joy-hopping” types 
of airplanes increased far beyond the 
capacity of the industry and the year 
1927 closed with most manufacturers 
having unfilled orders on their books. 
Such a situation called for further and 
more radical expansion, so old com- 
panies were reorganized and new ones 
were formed. The public poured its 
funds into aeronautical enterprises 
with the result that many projects 
were started that were economically 
unsound. New airways were developed 
and equipment for their operation was 
purchased, thus creating a demand for 
the larger transport types that was 
largely artificial. Many of these lines 
can now justify their existence neither 
from a demand for a faster passenger 
service than that provided by the rail- 
ways, nor from a demand for more ex- 
peditious mail or freight service. But 
the demand for airplanes having been 
created, the industry expanded to sup- 
ply them. 

This expansion commenced during 
1927 and continued until well along in 
1929. As one of its consequences, it 
created a demand for aeronautical engi- 
neers, a demand that was particularly 
urgent from the standpoint of the in- 
dustry since it had to have engineers to 
present design data in a form to meet 
the approval of the regulatory branches 
of the Department of Commerce. The 
government services, universities and 
the staffs of competing manufacturers 
were raided in the search for competent 
engineers and salaries went far beyond 
the dreams of the most hopeful. Men 
who were out of college but a year or 
two, draftsmen who had had little or 
no technical training became chief en- 
gineers of new companies at salaries 
which, when compared with those re- 
ceived by equally competent men in 
other branches of engineering, were 
fabulous and in many cases unwar- 
ranted. Echoes of these rapid ad- 
vances resounded throughout the halls 
of practically every college or univer- 
sity in the country and, though many 
of the men who advanced so rapidly 
have since been convinced that their 
ambition exceeded their ability, the 
record of their promotion remains to 
lure a great many men into aero- 
nautics. 

(Continued on page 168) 
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The School of Chemical Engineering Practice 


How advanced students acquire valuable experience in the 





practice of their future profession 


HEN, in 1888, the Massa- 

V \ chusetts Institute of Tech- 

nology offered a definite course 
of study in Chemical Engineering, it 
gained the distinction of being the first 
educational institution to recognize 
that profession. To what extent this 
was a pioneer course may be judged 
from the fact that it was but eight 
years after the first public recognition 
of the profession, an attempt to found 
a Society of Chemical Engineers in 
London (1880); ten years before the 
next course was offered, the one at the 
University of Michigan (1898); and 
twenty years before the organization 
of the American Institute of Chemical 
Engineers (1908). 

It is interesting to study the gradu- 
ally changing object of the course in 
Chemical Engineering as revealed by 
the Institute catalogues from 1888 to 
1930. In 1888, the announcement of 
the course read: 


The course is arranged to meet the needs of 
students who desire a general training in mechan- 
ical engineering and at the same time devote a 
portion of their time to the study of the appli- 
cation of chemistry to the arts, especially to those 
engineering problems which relate to the use and 
manufacture of chemical products. 


Whereas in 1930, the catalogue reads: 


To prepare students capable of filling the de- 
mand for men competent to build and operate 
manufacturing industries based upon chemical 
principles is the purpose of this course in Chem- 
ical Engineering. The professional work of the 
course falls naturally into three groups: first, 
courses which provide a thorough knowledge of 
the fundamental principles of chemistry. Second, 
those courses which furnish a sound knowledge 
of mechanical engineering subjects, both in 
theory and practice. Third, courses which deal 
with chemical engineering as a separate entity.” 


The two statements indicate two 
very significant changes in the original 
course; first, the change in the relative 
importance of chemistry and mechani- 
cal engineering in the subjects of in- 
struction, and, second, the fusion of 
these two into a distinctively indi- 
vidualistic branch of engineering. 


LTHOUGH it is the purpose of this 
article to deal with but one phase 
of that development, The School of 
Chemical Engineering Practice, it is 
considered desirable to sketch in some 
of the early background of the course 
that the reader may understand more 
clearly the part it plays in the Insti- 
tute’s scheme of Chemical Engineering 
education. 
It was but natural that the chemical 
engineer early turned his attention to 
those industrial operations which lie 
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in the borderland between chemistry 
and engineering; sometimes the work 
involved more engineering than chem- 
istry and was referred to as chemical 
engineering; again, it involved more 
chemistry than engineering and was 
called applied chemistry. Thus within 
the course two phases of the profession 
were early recognized, and are today 
so recognized, the engineering and the 
applied chemistry. The needs of the 
latter were fostered by the establish- 
ment, in 1908, of the Research Lab- 
oratory of Applied Chemistry, the 
chief purpose of which has been the 
training of young men in applied chem- 
ical research. It was not until 1915, 
however, that the work of the engineer- 
ing phase received somewhat similar 
support. 

In that year, Dr. A. D. Little, as 
Chairman of the Visiting Committee of 
the Department of Chemistry and 
Chemical Engineering outlined in his 
report to the President and the Cor- 
poration of the Institute a plan for the 
systematic study of the engineering 
phase which has had a world-wide in- 
fluence on chemical engineering educa- 
tion. To quote from that report: 

Any chemical process, on whatever scale con- 
ducted, may be resolved into a co'irdinate series 
of what may be termed “Unit Operations,”’ as 
pulverizing, drying, roasting, crystallizing, filter- 
ing, evaporation, electrolyzing, and so on. The 
number of these basic unit operations is not 
large and relatively few of them are involved in 
any particular process. The complexity of chem- 
ical engineering results from the variety of con- 
ditions as to temperature pressure, etc., under 
which the unit operations must be carried out in 
different processes, and from the limitations as 
to materials of construction and design of ap- 
paratus imposed by the physical and chemical 
character of the reacting substances. 


Although this was the first official 
pronouncement of the unit operation 
method of study, reference to the Insti- 
tute catalogue indicates that as early 
as 1900 the importance of some of these 
unit operations was recognized, as may 
be judged from the following: 

A course of instruction in the fourth year is 


devoted to evaporation, distillation, refrigera- 
tion, and similar topics. 


Not only did Dr. Little’s report sketch 
a definite system of training in basic 
chemical engineering principles but it 
included a comprehensive plan of put- 
ting that scheme into execution by a 
codperative method of education differ- 
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ing from the many variations of the 
Cincinnati plan then in practice. 


RIEFLY stated the distinctive fea- 
tures of the School of Chemical 
Engineering Practice were: 

1. The students were to complete 
their basic training in science and en- 
gineering before entering upon the 
industrial application. 

2. The plant work was to be in- 
tensively educational, and, therefore, 
the students were to receive no pay 
from the codperating companies. 

3. The plant work was to be car- 
ried on under the supervision of mem- 
bers of the department staff, resident 
at the plant and devoting their entire 
attention to it. 

4. After completing the industrial 
work, the students were to return to 
the Institute for such graduate instruc- 
tion in science and engineering as ap- 
peared desirable, the subjects being, in 
the main, elective. 

Although this plan differed then, as 
it does now, from any other codperative 
plan in engineering education, its sim- 
ilarity with the system of medical edu- 
cation is worthy of note. 

Dr. McLaurin, then president of the 
Institute, authorized Dr. Walker, then 
in charge of the Course in Chemical 
Engineering, to begin active work 
toward putting the plan into action. 
Mr. Eastman, then known as the 
““Mysterious Mr. Smith,” because of 
his anonymous gifts to the Institute, 
generously gave the necessary funds 
for a five-year trial of the plan. 

The plan was put into action with 
the Class of 1917, but, because of the 
entrance of the United States into the 
World War the work had to be aban- 
doned after what may be termed an 
experimental period. Profiting by this 
experience changes were made in some 
of the details when the plan was re- 
sumed in 1920. 

Since then the School of Chemical 
Engineering Practice for those who 
have received their S.B. in Chemical 
Engineering at the Institute consists of 
eleven months of graduate work; six 
months spent in industrial plants and 
five months in receiving instruction in 
science and engineering at the Insti- 
tute. Because the industrial work is 
the distinctive feature, there is a tend- 
ency to refer to it as the “Practice 
School” but it should be emphasized 
that the formal instruction in advanced 
subjects at the Institute is an integral 
part of the scheme. 
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STOCK TAKING IN AVIATION 

ROF. EDWARD P. WARNER, in 

his article on “The American Air- 
craft Industry,” has called attention to 
some vital factors concerning aviation. 
He has pointed out the necessity for 
the industry to take stock of itself, to 
find out where it actually stands, and 
what the prospects for the future are, 
these prospects not to be estimated by 
the enthusiasts for aviation blindly 
carried away by their own enthusiasm, 
but by a sane and careful analysis of 
all the factors which can be dealt with 
which vitally affect the condition of the 
industry. Too long the industry has 
listened to the voice of the booster who 
intrigued by the romance of aviation 
has made careless forecasts and unsup- 
ported statements without looking 
closely into the actual facts of the case. 
We have all heard such statements as 
these in years past: within five years 
there will be as many airplanes as auto- 
mobiles; the aeronautical industry is 
following the path of the automotive 
industry and within five years will 
exceed it in size; 20,000 airplanes will 
be sold during the coming year. Yet as 
the time for these prophecies to be ful- 
filled has arrived, they have not been 
borne out. The delusion which such a 
state of affairs implies, if allowed to 
continue, can only result in eventual 
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trouble for the industry as a whole. To 
be successful, the aeronautical indus- 
try must be built upon a sound founda- 
tion in the same manner as any other 
industry. Any other sort of foundation 
can only bring the eventual slump and 
disaster. 

Another point which might well be 
considered at this time is the large 
number of airplane manufacturing 
companies in proportion to the total 
number of airplanes produced. Today 
there are more airplane manufacturing 
companies in the United States than 
automobile companies, while of course 
there is no comparison in the amount 
of business done. This condition is 
economically unsound and we can look 
for a high mortality rate in airplane 
companies until it is corrected. 

This rate has been somewhat reduced 
through mergers which have helped 
the financial conditions of the smaller 
organization. However, this condition 
is not as good as it might be, for the 
duplication of plants and equipment in 
widely scattered parts of the country, 
and the increased overhead of a large 
number of units, means that manu- 
facturing costs cannot be as low as 
would be possible with a single large 
plant in one location. 

The airplane and the automobile are 
of practically the same age, and today 
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the automobile industry far outstrips 
the airplane. The airplane has pi- 
oneered travel in a new medium, and 
has had additional problems to over- 
come which did not face the older forms 
of surface transportation. Possibly 
some time in the future conditions may 
be reversed, but before that can come 
about, many problems will have to be 
solved and it is probable that aero- 
nautical growth will be slower than 
people have been led to expect. For 
that growth to be steady and to be 
sure, the industry must be upon a 
sound basis, and for that to be attained 
it must face the facts. 


ELECTIONS 
We take pleasure at this time in 
announcing the following elections: 
J. R. McCaa ’32, Assistant Editor; 
E. R. Atkinson °33, Assistant Manag- 
ing Editor; D. G. Fink °33, Assistant 
Editor; G. P. Bentley °33, News Edi- 
tor; W. B. Huston °33, Features 
Editor; H. G. Protze ’33, Art Editor; 
C. E. Buchanan ’°33, Assistant Treas- 
urer; E. H. Lloyd °33, Assistant Ad- 
vertising Manager; K. H. Clark °33, 
Assistant Advertising Manager; S. L. 
Brown ’33, Assistant Advertising Man- 
ager; G. Cary °33, Assistant Circula- 
tion Manager; C. V. Case, Jr. ’33, As- 

sistant Publicity Manager. 
















DEPARTMENT OF GEOLOGY 


HE work of the Department of 

Geology is generally not well 

understood by undergraduates. 
The average man would be likely to 
think of it (and correctly) as involving 
the history of the earth, the successive 
sedimentary beds, the volcanoes, the 
glaciation, the rocks, the structure of 
mountain ranges, in brief, as a science 
interesting and inspiring, but he would 
scarcely realize its practical import and 
its many contacts with many of the 
other departments of the Institute. 
Really, the Department should be 
named ‘‘Geology and Geological En- 
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— paleontology and stratigraphy to serve 

_ as a firm foundation for those who are 

500 = making geology their life work as 
== teachers, as members of surveying or- 

= ganizations, or as geologists to indus- 

= trial corporations. Elementary general 

<< science courses are offered for those of 

= other departments who desire a general 

= or cultural knowledge of the science 

= and its application to the mineral in- 
ox dustry. A long series of courses in 
= Applied Geology are given to miners, 
=e metallurgists, civil engineers, archi- 

-/000 po tects, construction engineers and others. 

| = Limestone Many of such courses in applied geol- 
a ogy are of an advanced character, but 
as these are mainly for the professional 

—— geologists. Every engineer, none ex- 

oor cepted, should know at least something 

| A about mineralogy, that is, about the 
2 unit chemical compounds of which the 
== earth 7 gi He — = ba 

| 25 Se SS something about rocks and soils for he 
ea is certain to run up against that sub- 
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reer. To mining students a new course 
is given relating to the microscopic 
identification of ore minerals in the 
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PROFILE OF OIL WELL IN OKLAHOMA 


Drawn to scale this profile shows the accumu- 
lation of oil in three diverse types of structure. 
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Departmental Notes 





comminuted products of ore concen- 
tration so that the progress and im- 
provement of such processes may be 
directed. 


HYSICAL crystallography, that is, 

the study of crystal forms, has re- 
cently been added to the curriculum 
and a new two-circle goniometer, a 
very expensive instrument, has recently 
been acquired. Crystal atomic struc- 
ture, a modern development, is a part 
of some of the courses and in this field 
coéperation with the Department of 
Physics is established. Everyone who 
has attacked the subject of optical 
crystallography will remember its dif- 
ficulties; one member of the Depart- 
ment is at present working on a text- 
book dealing with this subject. 

In paleontology mention should be 
made of the acquisition of two hundred 
specimens showing the evolution of 
ammonites — a group of shells related 
to the Nautilus. Development of new 
characters and the loss of old ones, ac- 
celeration and retardation in evolution, 
all is wonderfully clearly shown. Prob- 
ably most men would regard such 
studies as extremely interesting from 
the standpoint of abstract science but 
of little economic use. Here again, how- 
ever, the scientific research of yester- 
day is translated into practical results 
of today for the study of the occurrence 
and evolution of microscopic faunas 
forms invaluable aids to the location of 
certain beds and micropaleontology is 
now a handmaiden to petroleum geol- 
ogy, and paleontologists are in the em- 
ploy of oil corporations all over the 
world. Many students in the Geolog- 
ical Department are pursuing such 
investigations. 

Structural geology investigates the 
relation of rock masses either by orig- 
inal deposition, or as influenced by the 
application of external and later forces. 
All geologists study and teach struc- 
tural geology. Some of it may seem 
abstract and abstruse, but here again 
practical applications of great impor- 
tance follow. For oil geologists struc- 
tural geology is the principal instru- 
ment to locate petroleum deposits. For 
students of ore deposits the relation of 
ore to structure often leads to great dis- 
coveries so that much emphasis is laid 
in various courses on this relationship. 


FOR the civil engineer the bearing of 

geologic structure and_ geologic 
agencies on practical engineering pro}- 
ects is most important and neglect of 
such investigation has led to some ter- 
rible failures in the construction of 
dams, water supply and tunnels. In 

(Continued on page 168) 
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Map your road 
through industry VOY 


GUESSING the road is bad business _ dislikes, your natural aptitudes, all 
when you are starting on your life point the way for you to go— getting 
work. into creative, statistical,engineering or 

There are plenty of signs in your  sales-promotional work... Read these 
physical and mental make-up thatwill signs before you start out from col- 
help you to find the right sort lege! Today, more than ever 
of work if you’ll only take time before, industry requires men 


to study them. Your likes and 


Western Electric 


SINCE 1382 MANUFACTURERS FOR THE BELL SYSTEM 


who have found themselves. 








Recent Books 


This department conducted in co-operation with the faculty 


Modern Aviation Engines. By 
Masor Victor W. Pace, Air Corps, 
U.S. R. Norman W. Henley Publish- 
ing Company, New York City. In Two 
Volumes. 1908+XL pages. 918 illus- 
trations. 50 tables. Price $9.00 net. 
Volumes sold separately at $5.00 each. 


HE author of these books, Major 
Victor W. Pagé, has had a wide ex- 
perience in the design and manufacture 
of aeroplane engines since the beginning 
of the American aviation industry and 
is now actively engaged as a consulting 
engineer. Besides his own experience he 
has had the help and coéperation of 
the leading airplane and engine manu- 
facturers, as well as the United States 
Army and Navy Air Services in the 
compilation of these volumes. 

The aim seems to have been to pre- 
sent as much complete information as 
possible concerning the different types 
and kinds of aviation engines in use 
today, without influencing the reader 
for or against any particular type, but 
allowing him to draw his own con- 
clusions in regard to their respective 
merits. The two volumes contain a 
total of forty-six chapters describing 
the various leading American, English, 
French, German and _ Italian aero- 
nautical engines. Volume One, con- 
taining chapters one to twenty-seven 
inclusive, takes up thermodynamics, 
efficiency of engines, methods of test- 
ing; engine parts and their functions; 
aviation fuels; carburetion and fuel 
supply systems, superchargers; igni- 
tion systems; engine lubricants and 
lubricating systems; air and water 
cooling methods, etc. Volume Two of 
the same size as the first volume covers 
the remaining chapters and contains 
much matter relating to specific en- 
gines and methods used in their instal- 
lation, service, repair, testing and 
flight operation. A good deal of this 
material has come from manufacturers’ 
handbooks. Besides the material deal- 
ing with engines there are other chap- 
ters covering instruments and _ their 
use; air, electric and inertia starters; 
propellers; reduction gears and their 
applications. An exposition of tools 
and special fixtures for engine repairing 
is included and tables of clearances for 
the various engine parts are given. The 
books are replete with photographs, 
charts and drawings explaining struc- 
tural details and operating principles. 

The entire work is written in non- 
technical language, with but a very 
slight use of mathematics and for- 
mulae. In explaining the operating 
principles of engines and their parts 
the author has succeeded in using 


simple illustrations which are easily 
understood by the layman. The prac- 
tical information included makes it a 
valuable book for the shop man and 
mechanic. For the engineer its chief 
value lies in the large number of dif- 
ferent types of engines with the de- 
scriptions and illustrations of their 
construction and operation here col- 
lected together, making the whole a 
good reference work. 


A. B. B. 


The Wright Brothers: Fathers 
of Flight. By Joun R. McManon. 
Litile, Brown & Company, Boston. 308 
pages+VII. 24 allustrations. Price 
$2.50. 


HE editor dropped in the office one 
morning with the intention of 
putting in a good two hours’ work on 
some important matters relating to the 
publication. However, the editor’s 
plans went astray, as they often do. 
For there on his desk lay a new book, 
just sent in to be reviewed. He opened 
it up to see what it was like, and there- 


upon became so engrossed in it that’ 


a whole morning slipped by — work, 
classes, and everything. This book 
contained the story of the Wright 
brothers. 

“The Wright Brothers” is a book 
that will satisfy a number of different 
types of readers. For those interested 
in the history of the airplane, a com- 
plete account of the connection of the 
Wrights with it is given. Mr. McMahon 
has access to the diaries of the brothers, 
as well as to all their correspondence. 
He explodes some popular fallacious 
notions concerning the origin of the 
airplane and gives practically the whole 
credit of its invention to the brothers. 

For the person interested in the en- 
vironmental and psychological aspects 
of human life, the heritage of mechan- 
ical ability and adeptness given by the 
Wrights’ ancestors is demonstrated, 
and the development of ingenuity in 
them is faithfully traced — how, as 
boys, lack of money forced them to 
exercise to the utmost their skill 
making their own toys and how this 
habit later aided their resourcefulness 
in making an airship practically from 
odds and ends. 

Finally, those persons mainly in- 
terested in people as human beings, 
will find in this book a very human 
story indeed. The author has been 
careful to include all the material pos- 
sible to make the famous inventors live. 
This he is qualified to do, as he 1s ac- 
quainted with those members of the 
family still alive. 
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No one will regret having read this 
book. Mr. McMahon is a writer of 
considerable experience, and his whim- 
sical fashion of recounting the trials 
and triumphs of the Wright brothers 
is a delightful relief to some of the 
heavy biography which students have 
to read. 


7. F. DB. ge. 


The Navigation of Aircraft. By 
Lieut. Logan C. Ramsey, U. S. N.; 


formerly Officer in Charge, Section of 


Aerial Navigation, Hydrographic Office, 
Navy Department. 1929. The Ronald 
Press Company, New York. 237 pages. 
50 illustrations. Price $4.50. 


HERE is a definite growing need 
for the flyer to know something of 
aerial navigation, with the increase in 
the number of aircraft being operated 
and the longer flights which are being 
made. Not only is it important for its 
usefulness in aiding the flyer to arrive 
safely at his terminal point, but it has 
a very definite economic value in cut- 
ting the cost of operation of aircraft, 
for it is obvious that the flyer able to 
proceed directly on his route, taking 
the shortest distance, will spend fewer 
flying hours in the air with conse- 
quently less flying expense. 

Lieutenant Ramsey’s book was writ- 
ten with the purpose of making avail- 
able to the flyer some knowledge of 
navigation as applied to aircraft. In 
taking up the subject of aerial naviga- 
tion he divides it into three classes: 
piloting, dead reckoning, and aerial 
astronomy. Practically all of the old- 
time flyers depended entirely on pilot- 
ing, that is, finding their way from 
place to place by the visible landmarks 
they were able to pick out upon the 
surface of the earth. Lieutenant Ram- 
say points out that with the moderate 
distances which were flown, the con- 
sequences of such crude flying were 
not serious, but that such a pilot will 
find himself out of date with the in- 
creasing distances of today. 

With flights over 200 miles in length, 
some form of navigation should be 
used, and he believes that the most 
suitable form for flights between 200 
and 800 miles is dead reckoning. For 
those distances it is closely accurate, 
and the expense of the equipment 
needed for the more complicated astro- 
nomical navigation is not warranted. 
In explaining dead reckoning he gives 
quite a number of problems which are 
worked out entirely with graphical 
methods as_ being the quickest and 
sasiest type of solution for practical 

(Continued on page 164) 
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“unveiling ’”’ 
in Sections 
56 & 57 at the 
Water Works 
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There Cam Be No Question of the PL oficiency of the 
MODERNIZED “MATHEWS” FIRE HYDRANT 


... Lo Meet the Needs of Today... 
And the Increasing Demands of Tomorrow! 


What will the Modernized ‘‘Mathews” Fire Hydrant do that 
other hydrants won’t do? How has it been improved? What 
changes have been made in its design? Why? What are its 
unique features? 


Question marks now—all of them. But not for long! Those 
of you who attend the Water Works Convention will see this 
radically improved hydrant—making its first public appear- 
ance at that time. 


The “Mathews” Fire Hydrant has been an outstanding leader 
for sixty-four years. More than 300,000 of them are in use. 
And now “Mathews” takes a new jump forward. With this 
wealth of experience, aided by a searching study of service 
requirements during the past three years, the new ‘‘Mathews”’ 
introduces ultra modern improvements in design and con- 
struction which set a higher standard of hydrant strength, 
efficiency and long life. Nozzle adjustment is easily made for 
direction and grade, and replacements are made quickly 
without excavating or breaking the pavement. 


R. DD. Wood & Co. 


PHILADELPHIA, PA. 


A BETTER PRODUCT—GIVING BETTER SERVICE—AT NO PRICE INCREASE 
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The American Aircraft Industry 


Manufacturing and Selling 


There was little commercial work in 
aircraft manufacture until 1924. Prior 
to that time the industry depended al- 
most entirely upon military orders to 
take care of its output. During that 
year, however, a group of young men, 
most of whom had seen service during 
the war, decided to manufacture air- 
planes tobesold commercially. Byj1929, 
after two years of constantly increasing 
production, the demand for commercial 
ships was greater than the supply 
available. Production was not able to 
keep up with it. 

The combination of seemingly limit- 
less demand and the large amount of 
money available to aviation companies 
through stock issues caused many of 
them to build expensive factories. 
There were optimists who thought that 
the demand for aircraft would outrun 
that which the automobile industry 
had witnessed for automobiles. Little 
thought was given to find out who the 
buyers were to be, and for what pur- 
poses the airplanes were to be bought. 

In the fall of 1929 the demand slack- 
ened, and by the end of the year a good 
many companies found that they had 
a considerable number of airplanes on 
their hands which they were unable to 
sell. They also had more time, and im- 
proved it by investigating to some ex- 
tent the demand for airplanes, but the 
various manufacturers did not agree 
upon the results of the investigation. 
Some thought that the public would 
buy airplanes if the prices were cut, 
and that with the demand thus made 
and increased production, the airplane 
manufacturing companies would make 
good profits. Others thought that there 
was nothing wrong with present air- 
plane prices, that all that was necessary 
was to reach the right people and con- 
vince them with a good sales campaign. 
Still others believed that easier flying 
and safer airplanes were necessary be- 
fore the public would begin to buy 
extensively. 


TODAY the airplane manufacturers 
may be divided into three groups: 

I. Those believing that an intelli- 
gent classification of the present mar- 
ket for airplanes is necessary. Nearly 
all the manufacturers agree as to this. 

II. Those believing that price cut- 
ting is essential to sales. 

III. Those who believe that some 
form of miracle is necessary to increase 
sales. 

The third group is dishearteningly 
large. Some of its members believe 


that the public will not buy airplanes 
in any number until they are able to 
land at some such speed as twelve 


(Continued from page 127) 


miles per hour, or until the maximum 
speed is six times the minimum, etc. 
Others believe that aviation will suc- 
ceed when planes are built large 
enough, yet large planes have as a rule 
proved more or less disappointing com- 
mercially. Every little while the pre- 
diction has been made that as soon as 
a certain large plane has been built, 
then in process of construction, we 
would have trans-Atlantic service and 
real aviation would be here. But each 
time the plane has been completed and 
tested and has not come up to the ex- 
pectations of the visionaries, another 
large plane in course of construction is 
chosen as the one to open a new heaven 
and earth. Some operators believe that 





Having received a B.S. from M. I. T. in 
1917, Mr. Warner had been connected with 
this Institution for over ten years when he 
left last year. Upon his graduation, he be- 
came an instructor in Aeronaulical Engi- 
neering. Following the war, he was con- 
nected with the National Advisory Commit- 


tee for Aeronautics. In 1920 he became 


Associate Professor of Aeronautical Engi- 
neering, and in 1924, Professor. He was 
appointed in 1926 Assistant Secretary of 
the Navy for Aeronautics. Mr. 
at present Editor of “* Aviation.” 
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as soon as they can get passenger air- 
planes able to carry fifty passengers 
that they will be able to operate at a 
good profit. 

The possible markets for airplanes 
can be divided into four main groups: 

I. Transport companies. 

II. Operators of flying schools, taxi 
services, short rides, etc. 

III. Business houses. 

IV. Private owners. 

All the classes have distinct pur- 
poses for which the airplanes they 
want are to be used. 

Considering group one, the transport 
companies. Last year the American 
air transport lines flew a total of twenty 
million miles. A transport airplane 
properly cared for has a relatively long 
life. A fair average for one is four 
years, flying about 3,500 hours a year, 
or about 400,000 miles at a rate of 110 
miles per hour. It can thus be seen 
that with the present mileage being 
flown yearly that only about fifty new 
transport planes would be needed per 
year for replacements, and as most of 
the lines are now almost newly well 
equipped there is likely to be little re- 
placement business for some years to 
come. But when it does come, the 
building of fifty planes a year is rather 
small business. Therefore, unless a 


large number of new lines are started, 
or the export of transport planes can 
be increased, there is little likelihood of 
a boom in the air transport manufac- 
turing business. Everything depends 
on further expansion of operations or 
on introducing transport planes in “joy 
ride”’ service. 

The second group, the operators of 
aerial services and schools, were largely 
responsible for the unit production of 
1928 and 1929. They are also fairly 
well supplied at the present time, so 
that the market here has been sharply 
cut down. 

The third group, business houses, 
often bought airplanes to fly around 
the country for the advertising thus 
given them. As more business houses 
bought airplanes, the advertising value 
naturally fell, in the inverse ratio of the 
number of houses owning planes. Some 
of these after flying their airplanes for 
a year and checking upon the costs, 
have decided to sell them, which of 
course does not help the market for 
new planes. Others, fortunately, have 
found that the ownership has been of 
real aid and economy, and are keeping 
the planes they have or even buying 
additional ones. 

Class four, that of the private owner, 
is relatively an unexploited field. 
There are today not more than five or 
six hundred privately owned airplanes 
in this country, and if a strict interpre- 
tation is put upon the words “private 
ownership,” probably not more than 
half of this number could be so listed. 
This market is in the cradle stage. 
There is, however, a limit to the number 
of people who fly for pleasure or for 
sight-seeing, or who will keep on flying 
for the sake of flying after the novelty 
has worn off. 

From the above, it can be seen that 
three of the four groups have received 
a check at the same time, and although 
there may be business in prospect from 
them eventually, it will not help the 
present situation. 

To get increased production it is 
necessary for the manufacturers to 

I. Make a careful analysis of the 
market for airplanes. 

II. Be economical in the production 
of airplanes. 

III. Increase the safety, ease and 
comfort of flying. 

Manufacturers cannot well sell be- 
low cost or they would soon be out of 
the airplane industry, but they can re- 
duce costs through economical methods 
of manufacture. 

The early manufacturers were al- 
most entirely war-time pilots, and 
hence looked at an airplane from that 
point of view. They built a plane that 

(Continued on page 150) 
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HOW HERCULES EXPLOSIVES ADVANCE CIVILIZATION 


BAFPLOSIVES 


MAKE POSSIBLE THE 
NATION'S HIGHWAYS 


R evcnoes when you drive over 
America’s roads—a network of highways that knits the 
country from the Atlantic to the Pacific and from Canada 
to the Gulf of Mexico—you are indirectly utilizing another 


of explosives’ many contributions to our civilization. 


For dynamite makes the modern highway possible. Stone, 
cement, asphalt, and other road-building materials —all 
are first wrested from the earth by explosives. Explosives 
also blast trails over mountains, drain encroaching waters, 
aid in the construction of bridge abutments, and in other 


ways afford easier access to cities and towns. 


Not only in road building, but in many industries—on land 
and sea and underground—explosives are helping us 


enjoy a richer, fuller civilization. 


In these achievements, Hercules explosives have played, 
and will continue to play, an important part. You will find 
it well worth while to know more about this engineering 


tool. Write for a copy of The Explosives Engineer. 
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Aircraft Industry 


(Continued from page 148) 


could be stunted, and flown as the war 
airplanes were. However, a stunt dem- 
onstration is not likely to increase the 
confidence of a business man who 
wants to take his wife and two small 
children out for an airplane trip to a 
nearby city. It is more likely to make 
him feel that aviation is not for him. 
More consideration must be given to 
the wishes of those whom the industry 
hopes to make the owners of private 
airplanes. Safety and ease of flying are 
things which the industry cannot take 
too keenly to heart. 

In conclusion, it might be said that 
the people must be reached by every 
possible means, but there are certain 
things which must not be done. The 
public cannot be sold by high pressure 
sales talks. Such a course only devel- 
ops a greater number of airplane 
salesmen, each with an airplane and no 
one to sell to. It cannot be sold perma- 
nently by the romance of aviation. 
There has been too much self-deception 
as to the actual condition of aviation. 
We must look for and find the facts, 
and tell both ourselves and the public 
the truth. Airplanes, like everything 
else, will in the last analysis have to 
stand or fall upon their merits or de- 
merits, and not upon statistics made to 
order to secure a desired effect. 
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C. L. Berger & Sons, Inc. 
Established 1871 
37 Williams St., Boston 19, Mass. 
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The Seadrome 


(Continued from page 129) 


sion, all of which are over 40 years old, 
76 are 50 years old, 26 are 60 years old, 
4 are 70 years old and 2 built in 1846 
have reached the ripe old age of 84 
years. The life history of anchored 
lightships has been studied and gives 
additional support to the opinion that 
the seadrome structure, constructed as 
planned, will not experience corrosion 
sufficient to affect its strength or per- 
formance during the first twenty years 
of its life. As the amortization period 
calculated upon in the financial set-up 
is ten years that figure seems quite con- 
servative. 


EADROME dimensions are those 
found necessary for stability and 
safety at sea and exceed those required 
for airway operation, according to land- 


Edward R. Armstrong, who originated 
and is developing the seadrome project for 
ocean airways, Was a pioneer in aviation, 13 
a member of the “‘Early Birds,” having 
built and flown an airplane in 1911, at 
which time he was a consulting engineer in 
the field of automotive development, speed 
boats, automobiles and airplanes. Follow- 


ing a varied experience in civil, mechanical, 
electrical and chemical engineering he be- 


came associated with the duPont Company, 
an-1914, and has remained with this Com- 
pany ever since. In 1919 Mr. Armstrong 
was placed in charge of the Mechanical Ex- 
perimental Division of the Engineering 
Department, which position he has held 
continuously until taking a leave of absence 
in 1927 to devote all his time to the seadrome 
project. Mr. Armstrong is a member of the 
A.S.C.E., A.S.M.E. and A.I.E.E. 





ing and takeoff experiments carried out 
at Roosevelt Field from a seadrome 
area in which a twin-motored Sikorsky 
amphibian airplane was used. On the 
average but 60 per cent of the central 
runway was required for landing and 
takeoff of planes, without the use of 
brakes. In view of the trend to larger 
planes provision is made in the struc- 
tural design to permit lengthening the 
landing deck at sea from two to four 
hundred feet, to an ultimate length of 
1,500 feet or more should this prove de- 
sirable after some service experience. 
A considerable increase in length 
would not materially increase the 
stresses in the seadrome structure be- 
cause the maximum wave length en- 
countered at sea is the stress control- 
ling factor after the length of the 
floating structure exceeds 1,000 feet. 
From a structural and stress point of 
view a seadrome could be 1,800 feet 
long, or more if necessary. 





While the design laid down includes 
hangars and personnel space on both 
sides of the deck, it is feasible and less 
costly to limit hangar space to one side, 
at least until the test period has been 
successfully passed, and provide per- 
sonnel quarters in the deck system 
where there is ample room, so that a 
much greater width of deck would be 
available for landing the larger planes 
which may be developed and put in 
operation in the near future. 

Hotel facilities are very complete 
and include 40 bedrooms for guests as 
well as ample accommodations during 
the day for 350 or more in the various 
lounges and public rooms _ planned. 
Quarters for the personnel will in part 
be located in between the main deck, 
the area being sufficient to provide all 
space required. Lifeboats to seat 240 
persons are part of the safety equip- 
ment, including a 54-foot sea sled ca- 
pable of from 30 to 40 knots speed, to 
be used for patrol and rescue service 
from the seadrome. 

Flood lighting of the landing deck 
will make landing and _ takeoff of 
planes at night as safe and reliable as 
in the day. Searchlights visible for 
from 50 to 100 miles from the seadrome 
is another navigational aid provided, 
although the radio beacon system to be 
installed is so simple and reliable that 
no other directional navigational aid 
seems necessary. 

The anchorage gear towing connec- 
tion is attached to the two forward 
buoyancy tanks in line with the lower 
chord of the main truss system making 
up the seadrome. The method of at- 
tachment distributes the anchorage 
stress throughout the structure. The 
design is such that the cable connecting 
with the anchorage buoy can be led 
through it to the tension engine, lo- 
cated in the power area, by the opera- 
tion of which, slack, in the connecting 
cable, can be automatically taken up 
and so prevent its fouling the sub- 
merged portion of the seadrome. 

Fin areas are provided at the stern 
so as to bring the centre of air pressure 
aft of the centre of water pressure in 
order that the seadrome will trail into 
the wind at any wind velocity in excess 
of 15 miles per hour, a condition of 
operation necessary for safe landing 
and takeoff of planes. To prevent 
yawing after coming up into the wind 
air rudders are provided, operated elec- 
trically automatically by a damped 
wind vane. These rudders hold the sea- 
drome into the wind irrespective of the 
direction or force of the ocean current 
at those times when the wind is of suf- 
ficient force to affect the landing and 
takeoff of planes. 
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She punches a key and the quotation 
appears simultaneously, in brokers’ 
offices all over the country. 


During the recent crash, tickers 
were an hour behind. 


Air Power Hastens Day © 
of High Speed Stock Reports 


New Automatic brokers’ boards are being 
turned out rapidly. Soon they will record quo- 
tations simultaneously all over the country. 
One girl at a keyboard will post prices at hun- 
dreds of points at once— smashing all precedent 
in speed and accuracy. 

Armatures for the boards are being broached 
rapidly, in air punches. Numbers are being 
sprayed on them with air—which will soon spell 
profit or loss to traders. Coil cores are blown from 
presses, with air. 

Every production 
shortcut, and every 
machine which 
could cut time and 
costs on the new 
! boards, has been 
adopted. Anda 
vital factor is air 
power by Balanced 
Angle Compres- 
sors—the choice 
of leaders in every 
industry. 















Send for Compressor 
Booklet 83-W, and also 
the booklet 
“Engineering Sales Op- 
portunities with the 
Sullivan Machinery 
Company” 


The Sullivan 
Balanced Angle 
Compressor 
which supplies 
low cost air power for building the new 
automatic quotation boards. 


SULLIVAN 


SULLIVAN MACHINERY COMPANY 
815 Wrigley Building, Chicago, II. 
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Good Tools Produce 


Better Work, More Easily 


CCURATE PRECISION tools which save valu- 
A able time and reduce the chances of spoiled 
work, are aids which every manufacturer and tool 
user seeks. ' 

To the manufacturer, items which save time and 
decrease spoilage increase profits and show a saving 
on cost schedules. Even though he keeps machinery 
of the most modern type and workmen of the most 
skillful class, he must have good tools to increase 
their efficiency and cut down time for setting up and 
checking machine work. 

To theworkman, good tools are of direét and per- 
sonal advantage. However skillful the machinist, 
he must have accurate aids to check his various steps 
in producing fine work. Tools which decrease the 
chance of costly error, materially increase his skill 
and his value. 









Brown& SharpeTools insure rapid, 
accurate set-ups and are reliable for 
checking fine machine operations 
quickly. There is a Brown & Sharpe 
Tool for every mechanical require- 
ment. Small Tool Catalog No. 31, 
listing over 2300 tools, will be for- 
warded on request. Brown & Sharpe 
Mfg. Co., Providence, R. I. 


Brown & Sharpe 


Tools 
“World’s Standard of Accuracy” 














































for the construction of two large rigid 
airships, has had the vision to select 
a size and type that are exceedingly 
suitable for a long-distance commercial 
vehicle. The new ships are to be helium 
inflated and have a gas capacity of 
6,500,000 cubic feet. This size of 
helium ship is comparable with hydro- 
gen-inflated ships of a little less than 
5,000,000 cubic feet capacity. This 
difference in capacity is explained by 
the lower lifting power of helium and 
the necessity of inflating the bags only 
so much that no gas will be lost as a 
result of subsequent expansions in 
maneuvering. 


A PROMINENT feature of the ship 

is the location of the power plants 
and the consequent adoption of a new 
and improved drive system. The eight 
directly reversible engines are installed 
in separate engine rooms inside the 
hull and are connected to rigid drive- 
shafts which extend outside of the hull 
to the propellers. The use of bevel 
gears makes it possible to use the pro- 
pellers, not only for forward motion 
and reversing maneuvers, but also for 
vertical thrust by tilting their axes 
90 deg. This feature will be of great 


INDUSTRIAL CONTROL 


Or VaRIABLES 


that can be volatilized. 






In the control of manufacturing processes, 
this quartz spectroscope is widely used for 
the quick determination of the elements of 


metals, liquids, gasses and all compounds 


Because the optical instruments built by 
Bausch & Lomb are so precise, accurate and 
dependable, they are being called on more 


and more tosolve the problems of industry. 


Bausch & Lomb Optical Co. 
635 St. Paul Street, Rochester, New York 


For Better Vision—Orthogon Lenses 
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importance in starting and landing 
maneuvers. It will also enable the 
carrying of more payload and avoid the 
loss of lifting gas when the ship has to 
be landed against surplus lift. 

Accommodations provided for trav- 
elers in the proposed ship are of con- 
siderable importance and interest. The 
use of hydrogen as a lifting gas has de- 
manded, for safety against fire hazard, 
that the passenger accommodations in 
airships built up to the present time be 
placed in a car outside of the main 
structure. 

American-built commercial air-liners 
possess a tremendous advantage in that 
this country has a monopoly on helium. 
It is the privilege of Goodyear to build 
ships using this non-inflammable gas 
and thus to be able to incorporate new 
features of safety and comfort into the 
airship art. Passenger compartments 
are retracted into the hull, with the 
result that passenger accommodations 
may be extended almost at will, while 
aerodynamic efficiency is considerably 
increased. Promenade decks, libraries, 
lounges and smoking rooms are no 
longer dreams but are actualities. 

Erection of the world’s largest air- 
ship factory and dock upon the great 
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municipal flying field at Akron, Ohio, 
has been completed by the Goodyear- 
Zeppelin Corp. The dock is 1,200 feet 
long, 325 feet wide, and about 200 feet 
high. It is well rounded in form and 
equipped with doors of a special spher- 
ical calotte design. The avoidance of 
sharp corners eliminates local regions 
having extreme air-pressure variations, 
while the airflow over the whole struc- 
ture is unusually smooth. 


HE utility of small non-rigid air- 

ships is perhaps open to question. 
It is not expected that they will com- 
pete with airplanes in the carrying of 
mail and on short flights, but they 
possess a great advantage in that they 
have proved conclusively their ability 
to land in the smallest and poorest of 
fields and even on the flat roofs of 
downtown office buildings. Commer- 
cially they are desirable as a means of 
advertising and of creating goodwill. 
The larger semi-rigids and the smaller 
rigid ships are very suitable for aerial 
photography, surveying and map mak- 
ing. In a military sense the small non- 
rigid ships are extremely valuable for 


**spotting’’ and anti-submarine work. 


(Continued on page 154) 
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Wanted — 


Young Men with 
Engineering 
Training 


HERE are several splendid opportunities open 
in our sales organization for young men of 
technical training. 


The Arco Company manufactures a complete line 
of paints, varnishes, lacquers and enamels and 
sells these products not only throughout the entire 
United States but all over the world. 


We are looking for young men whose training 
enables them to appreciate and explain technical 
processes and problems. 


Applicants should be willing to travel and should 
have a satisfactory record of past performance 
in selling to industry. Experience in selling paint 
is not essential. 


PLEASE GIVE FULL INFORMATION 


about yourself, in your first letter — where 
you live — what training you have had, etc. 
Personal interview will be arranged. 


DAVID ANDREW, Director of Sales 
THE ARCO COMPANY 


7301 BESSEMER AVENUE CLEVELAND, OHIO 
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Lighter-Than-Air Craft 
(Continued from page 152) 


For observation purposes the airship 
has unique advantages, because of its 
ability to remain in the air for long 
periods or even to float motionless with 
engines stopped. 

A discussion of the lighter-than-air 
ship would not be complete without a 
few words concerning the relation 
existing between it and the airplane. 
While realizing the advantages of the 
airplane as a commercial vehicle for 
carrying comparatively light loads over 
medium distances at high speeds, the 
designers of rigid airships have turned 
their efforts to the erection of large, 
safe, and reliable ships that will be 
capable of bettering present methods 
of transportation over large stretches 
of land and ocean. Successful comple- 
tion of the present projects will give 
added impetus to the present growing 
appreciation of the airplane. Of what 
use will be the saving of several days in 
an ocean voyage by airship if hurrying 
passengers end their flight only to find 
nothing but primitive overland travel 
available for the rest of their journey? 
The two branches of air travel must 
advance hand in hand, working not as 
units but as a group in an attempt to 
speed up transportation to any and all 
parts of the world. 
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Commercial Airline Operation 
(Continued from page 131) 


that no such feeling comes during the 
progress of an airplane flight. It is un- 
fortunate, too, that until very recently 
the public’s conception of the airplane 
has been based almost entirely on the 
dramatic and spectacular performances 
of some few daring aviators. 


HE fact is, there has been too much 
romance attached to the airplane. 
The great problem of the air transport 
operators has been to convince the gen- 
eral public that the airplane is just an- 
other carrier, a machine capable of 
transporting goods and_ passengers 
through the air reliably and at great 
speed. 
Considering the problems before the 
industry, mechanical and human, the 
progress made by aviation may be said 
to be remarkable. The first air passen- 
ger line to be established in the United 
States, operating daily between two 
designated points, was inaugurated in 
May, 1926, approximately four years 
ago. ~ route was between Los 
Angeles, Calif., and Salt Lake City, 
Utah. Passenger carrying, however, 
was secondary to the transport of air 
mail, but despite the unsatisfactory 
equipment — open cockpit planes 
built for military purposes were used — 


it may be said that transport of pas- 
sengers by airplane in America dates 
from that time. 

During the past two years it has 
sprung forward with marked rapidity 
and the airplane is now beginning to be 
accepted as a practical utility. To il- 
lustrate this point it will be interesting 
to study air transport statistics for the 
past four years and note especially the 
growth made the past two years. 


(THE Department of Commerce re- 

ports that in the year 1926 air- 
planes operated by transport compan- 
ies flew 4,318,097 miles; in 1927 the 
total was 5,870,489 miles; in 1928, 
10,673,450 miles and in 1929 the total 
is estimated at 22,000,000 miles. It 
will be noted that between 1926 and 
1927 there was only moderate growth, 
but in the following year the mileage 
doubled and it doubled again during 
the year 1929. 

In 1926 the Department of Com- 
merce reports 5,782 passengers were 
transported by airplane operators. In 
1927 the total was 8,679. The follow- 
ing year the passenger total made a 
great advance to 49,713 and during the 
year 1929 it is estimated 150,000 pas- 

(Continued on page 156) 
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Internal Grinder 





One of several sizes and types 


For the snagging and grinding of castings in 
foundries and machine shops, the grinding off and 
smoothing down of heavy welds in welding 
shops, and the grinding of castings, structural 
iron and steel, in automotive and erecting trades. 
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and automatic safety latches are always in position when the 


platform is being hoisted from section to section. > > > 


The Ransome Heavy Type Steel Mast Plant can be used with 
any of the concrete chuting plants commonly used on con- 
struction work—counterweight boom chute plant, continuous 


line plant or the bin plant. > > > > > > > > 


Top and bottom sheaves for raising the sliding frame are fur- 
nished as standard equipment. A tip-over bucket in two sizes 
is offered for use with this mast. These are made in 18 and 36 


cu. ft. water level capacity for use with 14-S and 28-S Mixers. 


Send for Bulletin No. 304. 


Ransome Concrete Machinery Company 
1850 — Service for 80 Years — 1930 


Dunellen New Jersey 
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sengers were transported. Again it will 
be noted that the great bulk of the 
progress was made during the last two 
years. 

There were six air passenger opera- 
tors in 1926 and 31 in 1929. There 
were 18 air transport lines in the 
United States in 1926 and 97 in 1929. 
There are no figures on the number of 
pilots employed in 1926, but in 1927 
the total is given as 107 and in 1929 it 
was 500. In 1926 a total of 2,041 miles 
of airways had been lighted for night 
flying; in 1929 there were 12,448 miles 
lighted. 

Under present conditions there are 
now air lines extending into practically 
every state of the Union and the few 
vacant gaps are being rapidly filled. 
There are four routes giving trans- 
continental service and other lines ex- 
tend into Canada and to Central and 
South America. Four years ago you 
could not travel by airplane unless you 
chartered a ship for a special flight and 
the planes used were totally lacking in 
passenger accommodations. Now you 
can go nearly anywhere in an airplane, 
over a regularly established route, and 
travel in comfort. 
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[X the past cost of air travel has been 
a deterrent to volume. That handi- 
cap, however, is being overcome. A 
year ago an airplane trip cost an aver- 
age of 11 cents per mile; now that cost 
has been reduced to an average of 7.8 





Fred Goodcell is best known as a news- 
paper and magazine writer, having been 
engaged in such work for more than thirty 
years. He has been a student of airplane 
transportation for twelve years and for the 
last three years has been with Western Air 
Express. He has watched this company 
grow from a one-line organization, with 
twenty employees and five airplanes, flying 
1,200 miles daily, to an organization em- 
ploying more than 600 people, with fourteen 
airplane routes, operating more than 50 air- 
planes and flying more than 14,500 miles 
daily. 





cents per mile, which is about the 
charge for de luxe rail travel, and in 
some instances it is lower. The low 
rates have brought about an increase 
in the volume of travel, but they have 
not solved the problem for the airplane 
operators. The need is for airplanes 
that can be operated more economi- 
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cally than those now in use. With the 
tariffs now in effect a financial profit 
might be shown if capacity loads could 
be had at all times, but all transporta- 
tion experience demonstrates that ca- 
pacity loads are the exception, not the 
rule. The traffic expert will say the 
operator should not figure upon more 
than 60 per cent capacity, and he is 
right. But with such loads, air trans- 
port operators cannot, with possibly a 
few exceptions, make a profit under 
present tariffs if the profit must come 
entirely from the carrying of passengers. 

The airplane will never supersede or 
displace any of the older transport 
mediums. It will work in harmony 
with them and it should prove of tre- 
mendous time-saving value to the 
traveler. For scenic beauty, nothing 
compares with the airplane trip. In 
comfort, the modern air liner rivals the 
finest Pullman. In speed, the airplane 
has no equal and its accomplishments 
have just begun. Within five years, 
maybe two years, a trip across the con- 
tinent in one day should be possible 
and probably at a cost no greater than 
is now charged for the journey from 
New York to Chicago. 
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WHAT YOUNGER COLLEGE MEN ARE DOING WITH WESTINGHOUSE 





Equipping 
A Cathedral of 


Learnin 1g 
for the Untversity 
of Pittsburgh 


Nine years ago the University 
of Pittsburgh, then a hundred 
and thirty-six years old, faced 
an urgent need for larger quar- 
ters. To extend its restricted 
campus was almost out of the 
question, for a city had built 
up around it. The logical direc- 
tion for expansion was into 
the air. 

American business had long 
before faced the same situation, 
and met it with the skyscraper. 
But no conventional business 
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building would satisfy here. 
Chancellor John Gabbert Bow- 
man envisioned a Cathedral of 
Learning, an edifice that would 
express the essential self of the 
steel center of the world, a 
structure with more power, 
more spirit of achievement and 
reverence in it than had ever 
before been attempted. A great 
architect put his soul into the 
making of the plans. Leading 
suppliers were called on for the 
materials for the realization of 
Chancellor Bowman’s dream. 

To Westinghouse engineers 
came the assignment of provid- 
ing the electrical and elevator 
equipment for this great struc- 
ture. Recognized as a great 
clearing house for electrical 
development, the Westing- 
house organization draws inter- 
esting assignments in every 
field of human activity. 





R. A. GAUT 





157 


: C. F. CARNEY 
Pennsylvania State . f 
College, °25 University of California, ‘26 
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HE “Commodore” wing, which 

is of normal two-spar design, is 
braced with Warren type trusses in the 
planes of the front and rear spars. The 
structure is braced against unbalanced 
loads by means of tie-rods extending 
from the hull center-line fitting to the 
center-section end fittings. Crossed tie 
rods, in fore-and-aft planes brace the 
outboard floats against loads in the 
drag direction. 

The wing is made in three panels, an 
18-foot center section and two outer 
panels, each 41 feet in length, making a 
span of 100 feet from tip to tip. The 
chord is constant at 138 inches, there 
is no sweep back, and the outer panels 
have 2 degrees dihedral. With the ex- 
ception of the diagonal drag bracing, 
all the main structure is of duralumin. 

The spar design was developed as a 
result of a static test on an outer panel 
front spar. From this test, design 
methods were developed which could 
be applied to other spars of similar con- 
struction; that is, reliable methods 
were determined for computing the ac- 
tual and allowable stresses. The com- 
pressive strength of each type of web 
member was also determined by static 
test. In order to duplicate as nearly as 
possible the actual working conditions, 
each test specimen was riveted be- 
tween two short lengths of bulb tee 
section just as it would be in the actual 
spar. 

In the center section, the presence of 
gasoline tanks which occupy most of 
the space between spars, makes the use 
of the usual strut-and-wire-drag brac- 
ing impracticable. A metal covering of 
sufficient strength and rigidity to carry 
the drag shears was therefore designed 
for the upper surface of that portion of 
the wing, between spars only. It con- 
sists of a corrugated duralumin sheet 
having the corrugations parallel to the 
spars, with a smooth sheet of the same 
material riveted to the outer surface. 
Additional stiffness was provided by a 
number of extruded duralumin angles 
running normal to the spars. The 


lower spar flanges are given lateral sup- 
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port by four longitudinal members 
which act as supporting beams for the 
gas tanks. The metal covering also 
serves as a walk-way over the center 
section. 

The “Commodore” ribs are of the 
truss type and are made up as a unit, 
i.e., the cap strips are continuous over 
both front and rear spars. Both the 
cap strips and the trussing are formed 
from a special channel section having 
the outstanding legs flanged in. This 
section, which is drawn from .020 dura- 


G. Garner Green and F. R. Shanley are 
two of the junior members of the Consoli- 
dated Aircraft engineering staff. Mr. Green 
is a graduate of the Aeronautics Depart- 
ment at Stanford University; Mr. Shanley 
was graduated from Penn State as a Me- 
chanical Engineer. They have worked on 
the design and structural analysis of the 
““Commodore”’ throughout its development, 
under the supervision of Mr. I. M. Laddon, 
the designer. 


lumin strip, combines the advantages 
of comparative cheapness with good 
structural efficiency. It is also adapt- 
able to a simple type of joint made 
with standardized duralumin forgings. 


(THE control surfaces, like the wing 

panels, are of fabric-covered, dura- 
lumin construction. The aileron spars 
are of the truss type with plane angle 
chord members and light channel web 
members. Torsional strength and rig- 
idity is provided by a box-like struc- 
ture of duralumin sheet, suitably stiff- 
ened with bulkheads. This box struc- 
ture is shaped to give the aileron the 
desired nose contour. A structure of 
this type is very convenient for the 
Frise type aileron used on the ‘‘Com- 
modore.”’ The ribs consist of formed, 
channel section cap-strips and zee- 
section vertical web members. 
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The design of the stabilizer, elevator 
and rudder, which are externally 
braced, is essentially the same. The 
front and rear elevator spars are of the 
truss type, built up of extruded sec- 
tions. The torsion members of both 
the elevator and the rudders are box 
sections constructed of duralumin 
sheet. The ribs are similar to those 
used in the ailerons. 

The fabric-covered, metal-structure 
type of construction used in the ““Com- 
modore”’ wings and control surfaces 
has several distinct advantages over 
all-metal construction, particularly as 
applied to externally braced struc- 
tures. In such designs, a stiff covering 
is not usually required as a means of 
obtaining torsional strength and rigid- 
ity so that unless the metal covering 
can be made to resist some of the bend- 
ing moment, as it is not, in most cases, 
it is just so much excess baggage. The 
stresses due to drag loads can be 
handled much more efficiently by the 
usual tie-rod drag bracing. In nearly 
every case, the fabric-covered structure 
can be made lighter than the corre- 
sponding metal-covered job. Then, the 
fabric-covered wing can usually be 
built more easily and cheaply. Metal- 
covered wings nearly always entail an 
excessive amount of riveting, some of 
which is sure to be difficult, laborious 
and expensive. Another important ad- 
vantage of fabric-covered metal wings 
over the all-metal type is the greater 
ease of inspection inherent in the 
former type. When the fabric is re- 
placed, as it should be at certain inter- 
vals, or after a crack-up, the structure 
can be given a thorough examination 
for minor failures that could not be 
observed from the outside, deteriora- 
tion of the protective coating, and cor- 
rosion. With the usual type of metal- 
covered wing such an inspection is dif- 
ficult or impossible. This feature 
should be seriously considered by air- 
craft operators, who are primarily con- 
cerned with the safety of their passen- 
gers and the durability of their air- 
planes. 
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Flint wanted dependable lighting 
... and got it 


HEN Mr. Consumer quits for the day, he wants to relax. 


———— 


9) — ir If he’s a radio fan, he wants freedom from line voltage 
eg: Sion es fluctuation; if he reads, he wants steady light; if movies are his 
~ COMPRESSORS. weakness, he wants them flickerless. 
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hub instead of being splined or keyed 
to the crankshaft is allowed to float on 
an extension of the crankshaft driving- 
end and specially designed propeller- 
blade clamp-rings provided with in- 
tegral driving lugs receive the driving 
effort from a two-armed driving mem- 
ber splined to the crankshaft. On the 
extremity of each of these two arms a 
pair of rubber blocks are compressed 
between which the propeller clamp-ring 
driving lug is secured. These rubber 
blocks are confined in such a manner 
as to yield the desired elasticity. Here 
again a marked weight saving is ac- 
complished since the propeller hub can 
be made of very light construction be- 


Engineers and contractors know that 
BUFF performance is accurate and sure 


— without having to adjust the transit 
once. 


We will, on request, mail a 4-inch high Bas- 
relief of Nickel-silver — being an exact 
likeness of the ‘‘Engineer’s Best Friend” 
— “the Buff Transit.” 


Write for the BUFF Catalog No. 20M to 
Henry A. Burr, M. I. T. 05 


Buff & Buff Mfg. Co. 


Jamaica Plain, Mass. 
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cause it is completely cushioned from 
any driving shocks. While the elastic 
connection of the propeller to the 
crankshaft might in itself aggravate 
torsional vibration, the inherent damp- 
ing or hysteresis of the rubber blocks, 
supplemented by the surface friction in 
the counterweight mounting, quickly 
and entirely smooths out the shaft ro- 
tation. 


O begin with, it was recognized that 
the cooling problem of a Diesel 
cylinder was considerably simpler than 
that of a corresponding gasoline engine 





Captain Woolson was born in Los Angeles 


in 1888, He received his education in the 
public schools of Oregon, and the University 
of London. He received his rank of Captain 
during the war, when he served in the Air 
Corps. Identified with aircraft development 
since 1917, he has been the designer of a 
number of motors. Probably the most fa- 
mous of these is the Diesel motor which he 
designed for the Packard Motor Car Co. 
Captain Woolson was unfortunately killed 
April, 1930, in an airplane crash. 





cylinder since the increased thermal 
efficiency of the Diesel is reflected in 
far lower heat losses to the cylinder 
walls than is the case with the gasoline 
engine cylinder. This fact justified a 
simple form of closed end cylinder de- 
sign in which the cylinder head proper 
is formed integral with the cylinder 
barrel, a construction which is not con- 
sidered altogether satisfactory for gaso- 
line engines due to the inferior cooling 
attained with this type of cylinder 
head as contrasted with the much 
more bulky screwed-on aluminum type 
of head commonly used with gasoline 
engines. 

Furthermore, the fact that only pure 
air is drawn into the cylinder on the in- 
take stroke of the Diesel permits the 
novel use of a single valve for both inlet 
and exhaust purposes in the Packard 


Trade-Mark Registered U. S. Patent Office 


Made of extra quality cotton yarn, carefully inspected, and guaranteed free from all imperfections of braid or finish. The colored spots 


are our trade-mark, used only with this quality. 
We make braided cord of all sizes, kinds, and colors, for all purposes, including sash cord, clothes lines, trolley cord, signal cord, arc lamp 


cord, and many special cords for special purposes 


SAMSON CORDAGE WORKS 


ATALOGUE AND SAMPLES GLADLY SENT ON REQUEST 
23 89 Broad Street, Boston 9, Mass. 
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Diesel, this contributing to a marked 
degree to the lightness of the cylinder 
itself since the cylinder head is weak- 
ened by only one port instead of two as 
in the conventional engine. The single 
valve arrangement has been favored 
not only on account of the general gain 
in simplicity and weight saving but 
also in the interest of reliability since 
the valve operates at a much lower tem- 
perature than the conventional exhaust 
valve due to the cooling effect of the 
incoming air passing over the same 
valve, and furthermore the available 
time for opening and closing the valve 
is lengthened appreciably so that lower 
rates of acceleration thereof can be 
utilized thus saving wear and tear on 
the whole mechanism. Bolted to the 
top of each cylinder is a light aluminum 
cylinder head carrying cooling fins and 
supporting the valve operating mech- 
anism as well as forming the combined 
inlet and exhaust port. 

Heretofore the majority of solid fuel 
injection engines of the so-called high 
speed type (maximum revolutions 
about 1,200 r.p.m.) have been charac- 
terized by a multiple pump unit 
mounted somewhere on the engine re- 
mote from the cylinder heads in which 
the nozzles are located and connected 
to them by comparatively long capil- 
lary tubing. With such a system satis- 
factory high speed operation is very 
difficult to obtain for several reasons, 
the principal one being that enormous 
hydraulic pressures necessary for high 
speed operation cause serious surges of 
pressure waves in the tubing which in- 
terfere with the correct timing of the 
fuel injection and also tend to make the 
engine run unevenly since it is difficult 
to arrange the tubing to the various 
cylinders all of the same length. An- 
other difficulty arises from the trapping 
of air in the capillary tubing which air 
is difficult to expel and causes the en- 
gine to misfire. All of these troubles 
have been overcome with the Packard 
fuel injection system since the pump 
and nozzle are practically one unit 
with extremely short connecting pas- 
sages between them. 
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ee THE FOE 
OF FRICTION 


NDUSTRY no longer scraps metal parts that have 

become badly worn. By oxy-acetylene welding such 
parts are readily built up to size and returned to service 
as good as new. 

Often wear indicates the desirability of special quali- 
ties in the wearing surfaces. Oxwelding provides a 
rapid and effective means of applying bronze as well as 
abrasion resisting materials such as Haynes Stellite, 
thus minimizing the necessity for further renewal. 

Millions of dollars a year are saved in American in- 


dustry by oxwelding — the foe of friction. 
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65 Linde plants . . . 48 Prest-O-Lite plants . . . 174 Oxygen Warehouse stocks . . . 156 Acetylene 
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The Round Hill Experiment Station 


found now at Round Hill a growing 
research organization provided with 
the most extensive facilities for work. 


(THE problems involved in the es- 

tablishment of an organization of 
this kind are far from being all of a 
scientific nature. Not only must shops 
and laboratories be equipped, but 
housing facilities must be provided for 
the staff, administration and mainten- 
ance established, and a suitable staff of 
workers collected. There are at present 
three laboratories in operation on ‘the 
estate at Round Hill and two houses 
which offer comfortable living quarters 
for the eight men who now constitute 
the staff. 

‘The first work of the new organiza- 
tion was the establishment of an ex- 
perimental radio station of the first 
order. This station is capable of recep- 
tion at any wave length between 5 and 
20,000 meters, and of transmitting 
from 5 to 100 meters by voice or tele- 
graph. During the past four years com- 
munication has been established with 
stations in every quarter of the globe 
and detailed observations have been 
made on the intensity and fading of 
signals and their dependency on the 


SEVENTY-+F L FTA 


White hot rivers of metal, pouring from big cupolas in 
Crane foundries, are even more thoroughly analyzed, 
more carefully watched, than the drinking water pouring 
from a faucet in a well-ordered city. 


Because correct chemical ingredients in valve metals are 
as essential to absolute safety and right functioning of a pip- 
ing installation as pure water to human health, Crane Co. 
maintains laboratory control of cupolas. 


This means that experts in the metallurgical and physical 
testing of metals are responsible for the quality of every 
valve and fitting turned out. It means that tensile strength, 
yield point, elongation, and reduction of area of test bars 
taken every hour of the day’s run are known to labora- 


-+*CRANE=- 


PIPING MATERIALS TO CONVEY AND CONTROL STEAM, LIQUIDS, OIL, GAS, CHEMICALS 
CRANE CO., GENERAL. OFFICES: 836 S. MICHIGAN AVE., CHICAGO 


(Continued from page 137) 


frequency, the time of day, and the 
season of the year. The object of the 
station is, however, to provide a public 
service as well as collect data of scien- 
tific value. It has maintained regular 
communication with various expedi- 
tions, among which may be mentioned 
the MacMillan expeditions, the non- 
magnetic ship Carnegie until the time 
of her recent destruction in the South 
Seas, and more recently the Byrd ex- 
pedition at the South Pole. The Graf 
Zeppelin was followed continually on 
its first transatlantic flight, and at the 
time of the Vermont floods in 1927 a 
great service was rendered when a 
portable transmitter was sent in to the 
devastated regions by automobile to 
provide for several days the only chan- 
nel of communication to the outer 
world. Another service to the radio 
public is the transmission at stated 
intervals of signals of standard fre- 
quency, the precision of which now 
exceeds 0.001 per cent. 


URING the past two years Colonel 
Green has supplemented his inter- 
est in radio communication problems 
by the active promotion of aeronautics. 
An airport satisfying the government 


regulations for a first-class experimental 
flying field has been developed on the 
estate and during a large part of the 
year is the scene of great activity. In 
conjunction with the airport the Insti- 
tute operates a meteorological station 
under the supervision of Professor 
Rossby of the Aeronautics Department 
and his two assistants. This station is 
equipped with the most modern mete- 
orological apparatus, being in fact for 
the most part identical with the stand- 
ard United States Weather Bureau 
stations. Continuous observations are 
taken of local weather conditions and 
a radio operator is assigned to the task 
of copying down the data sent out daily 
from Arlington. From this data com- 
plete weather maps are made up each 
day for the entire United States and 
Canada, and local weather forecasts are 
made for thirty-six hours. Particular 
attention is paid to upper air observa- 
tions and other data useful to aviators. 

Of all the hazards that beset aerial 
navigation, fog is surely the greatest 
and the most difficult to combat. A 
ship may lay to or reduce her speed, 
but even the most ingenious airplane 
pilot seldom accomplishes such ma- 

(Continued on page 164) 
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Cupolas controlled from the laboratory 


tory and cupola chemists. It means that constantly, as the 
metals pour out, the proportion of silicon, manganese, 
carbon, phosphorus, calcium, pure iron, are known and 
uniformly maintained. It means immediate correction of 


atures and pressures. 
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any variation and rejection of faulty materials. 


From specifications of raw materials to final installation, 
Crane Co. knows its products and what they will do. 
How Crane Co. developed the background for this 
knowledge makes an absorbing story. It is titled Pioneer- 
ing in Science. You are cordially invited to send for your 
copy. Aside from its interest, you will find it a splendid 
reference book on the reactions of metals to high temper- 
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RUST SHALL NOT PASS 


When you install Reading 
5-Point Pipe, you are sure that 
pipe maintenance costs will be 
practically nothing during the 
entire life of your building! Re- 
member, too, that the initial cost 
of Reading 5-Point Pipe is only 
slightly higher than that of 
cheap, unsatisfactory pipe. 
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of silicious barriers say “Stop” to corrosion. 


Puddling—the time-tested way of making the origi- 
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neuvers with success. His safety rests 
entirely with the radio beacons which 
guide him to the field, his altimeter 
which determines his height above it, 
and the chance that at the last moment 
before landing the fog will not be so 
dense as to hide completely a view of 
the field. Surprisingly little is known of 
the constitution of fog. The various 
conditions under which it is formed 
have been studied, but only a few in- 
vestigators have set themselves the 
task of analyzing with precision the 
salts which form the nuclei of fog par- 
ticles, or determining their size and 
the amount of liquid water held in unit 
volume of air. These are the chief 
aspects of the meteorological research 
now under way at Round Hill. Micro- 
analysis is being employed to deter- 
mine the size and nature of the fog 
particles. Various hypotheses have 
been offered to explain the source of the 
nuclear salts and certain consequences 
of these theories are being checked ex- 
perimentally in order to eliminate false 
assumptions. 


FDUBING the past year a part of the 
staff at Round Hill has devoted 
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itself to a series of experimental and 
theoretical studies of the absorption of 
light in fog with a view to determining 
just what portion of the spectrum 
could be advantageously utilized. The 
diversity of aspects which this work 
presents may well be used as an ex- 
ample of a typical research problem. 
Curves showing the relation of trans- 
mission and frequency can be obtained 
experimentally over the visible spec- 
trum without undue difficulty. Fog is 
produced artificially in a long chamber 
and the response of a photoelectric cell 
noted as the color of a beam of light 
falling upon it is varied with the help of 
filters. If the size of the fog particles 
and their density are known, it is pos- 
sible to calculate these same curves 
from purely theoretical considerations 
and to extend them into the region 
where experimental methods are ex- 
ceedingly difficult. From these calcu- 
lated curves it should, in turn, be pos- 
sible to draw conclusions as to the 
advisability of further experimental 
work in specific regions. So it is that 
theory and experiment should be, not 
competitive, but mutually assisting. 
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Recent Books 
(Continued from page 146) 


aircraft use. Dead reckoning involves 
but a few simple principles which, if 
once mastered, make possible the solu- 
tion of large numbers of practical prob- 
lems. 

Because of its greater difficulty, 
aerial astronomy is given more space 
than dead reckoning in his book. De- 
scriptions are given of the instruments 
used, which had to be especially de- 
veloped for aircraft use, and as with 
dead reckoning, illustrative problems 
are given showing how the aircraft’s 
position is worked out. To become 
really proficient in aerial astronomy 
would, however, require that a great 
deal more time be spent in its study 
than is required for dead reckoning, 
and while Lieutenant Ramsey’s book 
gives a very good introduction to this 
branch of navigation, for practical use 
it would have to be supplemented with 
additional texts and problems. 

Some space is also given in the book 
to the application of meteorology to 
flying, and descriptions are_ briefly 
given of navigational instruments and 
maps. 


A. B. B. 
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At Duke University 


The boilers that supply steam 
for heat, light and power 
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of years by Taylor Stokers. The 
picture shows the new build- 
ings of the University, as de- 
signed by Horace Trumbauer. 
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This is the direct route to 
profit; the road that takes the 
friction-load off power; the 
way to longer life for machin- 
ery; a short cut to saving in 
lubrication...the way that 
modern industry takes to leave 
Waste in the dust of days that 
are done. 


Industry is on the right track, 
and to today’s student engi- 
neers will be entrusted the fu- 
ture responsibility for keeping 
it there... by throwing out 
machines that are bound to 
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self-destruction—bringing in 
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clusive carriers of all loads, 
whether radial, thrust, or both. 


Industry is Paving the Way 
to Profits when it selects 
“Timken Bearing Equipped” 
in designing and buying ma- 
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erever, whatever men build - 


—giant dams, great reservoirs, towering skvscrapers, 
city streets, cross-country highways, long bridges and 
massive viaducts—in fact, wherever construction work 
is in progress, you will find the products of N. E. C.— 
National Equipment Corporation. 


N. E. C., the greater name in construction equipment, 
now unites great names which have [ong stood for 
quality and integrity—Koehring, Insley, T. L. Smith, 
Parsons, C. H. & E. and Kwik-Mix—for greater engineer- 
ing, greater service and greater realization of quality. 


KOEHRING 


Pavers, Mixers; Power Shovels, Pull 
Shovels, Cranes, Draglines; Dumptors. 


INSLEY 


Excavators; Concrete Placing 
Equipment; Cars, Buckets, 
Derricks. 


T. L. SMITH 
Tilting and Non-tilting Mixers, 
Pavers, Weigh-Mix. 
PARSONS 


Trench Excavators, Backfillers. 


C.H. & E. 


Portable Saw Rigs, Pumps, 
Hoists, Material Elevators. 


KWIK-MIX 


Mixers — Concrete, Plaster 
and Mortar. 
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courses to civil engineers much atten- 
tion is given the study of such subjects 
(see TkcH ENGINEERING News, De- 
cember, 1929). It is not intended to 
make professional geologists of civil 
engineers, but they should know enough 
to judge simpler cases and realize when 
it will be necessary to call for geologic 
expert aid. A specialized course in en- 
gineering geology is given to students 
in Course XII. The Department looks 
forward to a large development in this 
field, including an experimental lab- 
oratory for the study of undisturbed 
structures of soil and rock. A thorough 
knowledge of the soils — that incon- 
spicuous product of decomposition of 
rocks — is no less. important for the 
civil engineers than for the process of 
agriculture. 

A large part of the activity of the 
Department relates to advanced re- 
search work. At least three new text- 
books are in preparation by members 
of the Department, for science ever 
marches on and its latest phases must 
be incorporated in such books. Indi- 
vidual research work is carried on by 
professors, instructors and students, on 
many and varied subjects, such as the 
structure of ores, description of new 
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districts, experiments related to the 
origin of ores and other more purely 
geological subjects. 

Of late years geology and mining 
have been aided very materially by 
another application of the abstract 
sciences, wholly unexpected only a few 
years ago except for certain magnetic 
observations. At the present time ore- 
bodies, oil deposits, salt deposits, ge- 
ological structures are discovered by 
magnetic, electric, seismic and gravity 
methods. This new applied science is 
a child of physics and geology, both 
being indispensable, and the results 
have surpassed all expectations. 

During the next year a new course of 
lectures will be established dealing with 
geophysics, that is the knowledge of 
the composition and structure of the 
earth and the behavior of the earth and 
its components in gravitational, elec- 
tric, magnetic and seismic fields. The 
discovery of new bodies of mineral 
deposits is thus now essentially a prob- 
lem of geology and physics. The meth- 
ods employed in actual practice will be 
taught in coéperation with the Mining 
Department. 

WaLpeMaAR LINDGREN, 
In charge, Department of Geology. 
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Aeronautical Electives 
(Continued from page 138) 


In 1927, the increase in manufactur- 
ing cost almost doubled the cost of a 
plane. Production schedules were not 
modified, and overproduction resulted. 
Retrenchment was necessary. The in- 
dustry is now unstable and in the future 
many failures and combinations are ex- 
pected. A few large companies will then 
arise requiring specialized engineering 
staffs. 


T is for this reason that Course XVI 

has been changed to incorporate 
electives permitting a student to spe- 
cialize in the design and analysis of 
airplanes, in the design of aircraft en- 
gines, in the commercial operation of 
aircraft, or to prepare himself to under- 
take aerodynamic research. The elec- 
tives cover about a quarter of the time 
required in the second term of the 
senior year and will give the under- 
graduate an opportunity to specialize 
on the branch in which he is most in- 
terested without sacrificing any of the 
subjects which are fundamental in the 
training of all engineers. 

Elective a, “Airplane Design Prob- 
lems,”’ requires twelve hours a week 
and is intended to acquaint the student 

(Continued on page 170) 










Eclipse, Series 6, Combination Hand 
and Electric Inertia Starter with Sole- 
noid Switch. Concentric type for 
radial engines up to 1350 cu. in. pis- 
ton displacement. 



















Eclipse voltage-regulated generator 
15 volt, 25 ampere capacity, engine 
driven type with control box. 
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NEW DEPARTURE BALL BEARINGS 


> et ER ra REY 





NEW DEPARTURE 
MANUFACTURING 
COMPANY ® 23572" 











A SPECIAL STEEL THAT ENDURES the merciless punishment 
of speed, stress and shock without perceptible wear— 
balls and raceways that defy imagination with their 
matchless perfection—these suggest the superlative 
quality of New Departure Ball Bearings. And they 
explain, too, why engineers select New Departures 
for long, hard service wherever the wear and waste 
of friction are to be eliminated to the last possible 
degree. For pure, rolling motion is frictionless and 


NOTHING ROLLS LIKE A BALL 
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Aeronautical Engineering Electives 
(Continued from page 168) 


with some of the problems common to 
the design of airplanes and to develop 
his ability to approach and analyze 
them in a rational manner. It is di- 
rected toward the development of men 
who wish to design and manufacture 
airplanes. 

Elective 6b, ‘‘Airplane Engines,” 
covers the same time per week and is 
directed toward the training of men 
interested in the development of air- 
craft power plants. Part of the time is 
devoted to lectures, part to laboratory 
classes; and the intention is to give a 
sound basic training in the art of en- 
gine design, operation and mainte- 
nance. 

The third elective covers the com- 
mercial operation of aircraft and in- 
cludes a course in elementary meteor- 
ology. It deals with the financing, con- 
struction and operation of airways, and 
the determination of rates so that they 
may be successful — in theory at least 
— and is intended to permit a graduate 
to enter the employ of a transport com- 
pany. 

The fourth elective is designed for 
men who wish to carry on the impor- 
tant work of research in the field of 
aerodynamics. It provides more work 
in the wind tunnel with lectures on the 
technic of operations and the methods 
adopted to the solution of various 
problems. 

In addition to these electives in the 
course in Aeronautical Engineering, 
there has been added an elective in 
Airway Transportation in the Trans- 
portation Option offered by the De- 
partment of Civil Engineering. This 
elective, Option 2C, introduces the 
student to the nomenclature and the 
more elementary problems of aero- 
nautics in the first term of the senior 
year and devotes sixteen hours a week 
to the problems of hangar design and 
airplane stress analysis, and to the 
commercial operation of aircraft dur- 
ing the second term. While it may ap- 


Catalogue 


pear to conflict with the third elective 
in aeronautical engineering, the actual 
duplication is slight. The elective in 
aeronautical engineering is designed to 
give a man who is primarily interested 
in the construction and operation of 
aircraft a knowledge of the problems of 
providing and maintaining suitable air- 
ports, whereas the elective in civil engi- 
neering is fashioned to give a man who 
is primarily interested in the design, 
draining and construction of airports a 
knowledge of the operation of airplanes 
and airways. 

As was stated above, these courses 
have been laid out to meet present con- 
ditions in the industry and have been 
influenced to some extent by the as- 
sumption that aviation is_ basically 
sound and that it will be stabilized dur- 
ing the next year or two so that the de- 
mand will be more for young engineers 
who have a specialty than has been the 
case during the past three years. 

While it may be somewhat foreign to 
the subject under consideration it 
might not be amiss to remark that no 
boom in aeronautics comparable to 
that which started in 1927 is antici- 
pated for the next few years. It is 
hoped and expected that the develop- 
ment will be steady and that the pub- 
lic’s interest in aviation will not wane 
until the younger, more air-minded 
generation, those who are in the ele- 
mentary and high schools of the coun- 
try at present, have reached man’s 
estate and have accumulated the re- 
sources — or credit perhaps — neces- 
sary for the purchase and operation of 
their own airplanes. This should occur 
within the next ten years and when it 
does the status of the aeronautics 
world will change. Requirements will 
change, and courses of training for 
aeronautical engineers will have to be 
altered to suit the new requirements, 
but it is deemed both undesirable and 
unnecessary at this time to hazard even 
a guess as to what they will be. 


UFKIN 


Improved Radius Gages 


They embody outstanding features found in no other Radius Gage. 
unit, plainly marked with its radius size, and carrying both the internal and external forms. 


Set consists of 16 sizes from 1/32 to 17/64’ radii by 64ths, all in attractive folder. 
The cuts at upper right show but a few of their many uses. 


THE [UFKIN foULE ([o. SAGINAW, MICHIGAN 


106 LAFAYETTE STREET, NEW YORK CITY 
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Meteorological Research 
(Continued from page 135) 


arrive everywhere at a higher temper- 
ature than that of the surroundings. 
It will then continue to rise with in- 
creasing velocity and the eddy motion 
will receive added impetus. This un- 
stable condition is characteristic of the 
tropics and the warm season. 

Thus the state of turbulence not 
only affects the temperature distribu- 
tion in the atmosphere but is itself 
essentially determined by the latter. 
This is beautifully illustrated by the 
dense haze and smoke layers prevalent 
over industrial areas in fair weather 
periods during the cold season. Due to 
radiation from the ground, the lower 
strata are rapidly cooled to very low 
temperatures, while the air at some 
elevation above the ground may be 
quite warm. The resulting temperature 
inversion is very stable. 


EFORE closing, I would like to 

draw the attention of the reader to 
another aspect of meteorological train- 
ing which, I believe, is not sufficiently 
recognized in the United States. The 
methods used in the study of atmos- 
pheric motion can, without great 
change, be transplanted into oceanog- 
raphy and utilized in the study of 
ocean currents. The one contribution 
which V. Bjerknes rates highest of all 
his work in meteorology, namely the 
circulation theorem connecting the 
field of motion with the fields of mass 
and pressure, is more and more becom- 
ing the standard tool in charting the 
ocean currents. The turbulence theory 
sketched in this paper was developed 
parallel for the ocean and the atmos- 
phere and has enabled us to understand 
the veering of surface drift currents 
with depth. Thus the methods and 
results of theoretical meteorology often 
have a scope and applicability extend- 
ing beyond meteorology into physical 
oceanography, but also into various 
other branches of geophysics. 
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One of the early phases 
of Vertical Transportation. 
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Russ Building, San Francisco, Cal. Geo. H. Kelham, Architect 
Equipped with Otis Signal Control Elevators 


Since the Days of ‘71 


San Francisco has grown into a great metrop- 
olis since 1871, when its first elevator was 
installed in a photograph gallery on Mont- 
gomery Street... Otis Elevators have been 
an important factor in this expansion be- 
cause the development of the modern city of 
tall buildings was made possible by the safe, 
high-speed elevator. . . The world’s first safe 
elevator was an “Otis.” 


OTIS ELEVATOR COMPANY 


OFFICES FHROUGHOUT THE WORLD 
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THE MASSACHUSETTS 
INSTITUTE OF TECHNOLOGY 


CAMBRIDGE, MASSACHUSETTS 





The MASSACHUSETTS INSTITUTE OF TECHNOLOGY offers Courses 
in Engineering and Science, each of four years’ duration, 
leading to the degree of Bachelor of Science in: 


AERONAUTICAL ENGINEERING GENERAL ENGINEERING 
ARCHITECTURAL ENGINEERING GEOLOGY 

Briotocy AND Pusiic HEALTH INDUSTRIAL BIOLOGY 
Buitp1inc ConsTRUCTION MATHEMATICS 

CHEMICAL ENGINEERING MECHANICAL ENGINEERING 
CHEMICAL ENGINEERING PRACTICE METALLURGY 

CHEMISTRY Muitary ENGINEERING 
Civit ENGINEERING Miuninc ENGINEERING 
ELECTRICAL ENGINEERING NaAvaAL ARCHITECTURE AND MARINE ENGINEERING 
ELECTROCHEMICAL ENGINEERING Puysics 

ENGINEERING ADMINISTRATION SANITARY ENGINEERING 


GENERAL SCIENCE 


The Course in Architecture is of five years’ duration, and leads to the degree of Bachelor in Architecture. 
Five Year Codperative Courses in Electrical Engineering and Railroad Operation leading to the degrees 
of Bachelor of Science and Master of Science are also offered. 


Graduate Courses leading to the degrees of Master of Science, Master in Architecture, Doctor of Philos- 
ophy, Doctor of Science and Doctor of Public Health are offered. The Courses leading to the degree 
of Master of Science include Codperative Courses in Chemical Engineering Practice and Fuel and Gas 
Engineering. 


The better high schools and other preparatory schools in the United States offer adequate preparation 
for the required entrance examinations given by the College Entrance Examination Board in June, or by 
the Institute in September. 


Graduates of colleges or of scientific schools of collegiate grade, and in general all applicants presenting 
satisfactory certificates showing work done at another college corresponding approximately to at least 
one year’s work at the Institute, are admitted to such advanced standing as is warranted by their previous 
training, and are given credit for our required subjects, including the entrance requirements, so far as they 
have been satisfactorily completed. 


The Summer Session extending from June to September includes most of the subjects given during the 
academic year and in addition special courses for teachers. 





Any of the following publications will be sent free upon request: 
CATALOGUE FOR THE ACADEMIC YEAR 


(Wuicu INcLupgEs THE ADMISSION REQUIREMENTS) 


SUMMER SESSION CATALOGUE 
GRADUATE STUDY AND RESEARCH 


Correspondence should be addressed to the 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
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DYNAMITE CLEARS THE 
WAY FOR MODERN 
ENGINEERING WONDERS 


THE Waterville Development 


-oomore hydro-electric power 
for the South... 


How dynamite was used in 
the construction of this 
great project 


HE Carolina Power and 

Light Company needed 
more electric power to serve the 
territory in which it operates. 
The result was the Waterville 
Development ...a vast hydro- 
electric project located in the 
Great Smoky Mountains. 


The actual working of this 
project involved the erection of 
a constant arch dam, 183 feet 
high; three tunnels varying in 
length from 5,000 to 16,000 
feet; three penstock tunnels 
600 feet in length; a vertical 
shaft known as a gap shaft, 
and a surge tank shaft. 


From the Waterville Develop- 
ment, transmission lines carry 
the current to many points in 
Carolina and Tennessee. The 
tremendous power of the Great 
Smokies turns the wheels of in- 
dustry and lights the homes of 
thousands of people of the South. 
Such a development would 
not have been possible without 
the use of dynamite. Du Pont 
explosives were used for all blast- 
ing operations. : 
The engineer of tomorrow 
needs to know all there is to 
know about dynamite . . . the 
tool that helps to build skyscrap- 
ers, bridges, dams, subways, 
tunnels, roads and railroads. 
Howcan youknowmore .. . 
now ... while you're still in 


college? Write the du Pont 
Company for a copy of the 
Blasters’ Handbook.” This 
booklet contains a wealth of in- 
formation about explosives .. . 
information gathered in twenty- 
eight years’ experiencein making 
and improving explosives. It is 
compact .. . handy. Itis used 
in the classrooms of leading 
technical institutions. Your free 
copy is waiting for you. 


Motion Picture of 
Waterville Development 


Above is a picture of the great dam in 
the Waterville Development. A camera- 
graphic record of the construction of this 
hydro-electric project has been made by 
du Pont. Requests are invited from engi- 
neering societies and colleges for this mo- 
tion picture. Address requests to Explosives 
Department, Wilmington, Delaware. 


QP EXPLOSIVES 


REG. U.S. PAT. OFF. 


E. I. DU PONT DE NEMOURS & CO., Ine. — Explosives Department — Wilmington, Delaware 












Elevation of the G-E vertical compound turbine-generator 


JOIN US IN THE GENERAL 
ELECTRIC HOUR, BROADCAST 
EVERY SATURDAY EVENING 
ON A NATION-WIDE N.B.C. 
NETWORK 


GENERAL 
ELECTRIC 


Learning the Latest 
Word in Turbine 


Construction 


An important departure in apparatus engineering 
is the General Electric vertical compound turbine- 
generator. In this machine, the high-pressure ele- 
ment, heretofore separate, is built on top of the 
low-pressure generator. 


This compact construction does away with the 
necessity for building a separate foundation for 
the high-pressure unit, permits the use of one set 
of air coolers, requires less piping, and conserves 
floor space. 


‘Test men—veterans, as well as more recent grad- 
uates of engineering colleges—take charge of the 
machine after assembly, test for oil leaks, bring it 
up to speed and check balance in the initial run, 
and set the emergency and operating governors. 
Electrical tests follow after the generators are 
coupled on. This work is part of the training 
program for general, industrial, sales, or advanced 
engineering work with the General Electric Com- 
pany. 3 rere 


95-769DH 


GENERAL ELECTRIC COMPANY, SCHENECTADY, NEW YORK 
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